1 (495) & 628 145.2 (.493) ] 
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vice, and also some statistics of the 
number of broken rails for the year 1923. 

In order to fully understand certain 
chapters of this article, we think that it 
is necessary to give a few details on the 


composition and duties of the « Perma- 


nent Way Material Inspection Com- 
mittee », a body entrusted with all the 
questions of permanent way material, in- 
cluding rails. 

The Committee, although attached to 
the Way and Works Department and in 
continual touch with the permanent way 
ordering office is, however, quite inde- 
pendent of the other sections of the Way 
and Works Department. 

It consists of a chairman having at 


the French. This article was written more than a year ago, and has been held back 
rx of articles which had to be published in connection with the tenth session of the 
ee in. London 1925. Since then, it has been completed by some recent additions. 
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least the rank of chief engineer, two vice- 
presidents and members appointed - as 
secretaries or assistant secretaries chosen 


from the engineers, technical inspectors © 


or section chiefs.: One of these members, 
is in charge of the macrographic and mi- 
crographic tests. 

A staff of inspectors, recruited from 
fitters and mechanics, having a certain 
number of years practical experience, 


work -directly under the orders of the 


members of the Committee. 

These men, who are distributed throug- 
hout the industrial centres of the country, 
follow the manufacture of the material 
in the works, carry out certain prelimi- 
nary tests and prepare for the material 
to be passed. 

As regards rails, these various opera- 
tions are explained in the article which 
follows. 


Rails are passed at the maker’s works 
as soon as possible after the manufac- 
turer has notified that the material is 
ready for passing and when the inspectors 
have completed the work of classification 
and the required preliminary tests. 

Immediately the material has been pas- 
sed, instructions are sent to the manufac- 
turer to deliver the rails to the place 
where they are required if possible, or to 
the workshops where points and crossings 
are made in the case of rails intended for 
this purpose, and for the remainder to 
be sent to the distributing stores. 


* 
x. 


After quoting the technical require- 
ments laid down in the specification, we 
will discuss the various clauses succes- 
sively, as far as possible in the order in 
which they occur. 


* 
“* * 


RECEIPT OF MATERIAL. 


The contractor should inform the 
inspection Committee, at least eight days 
in advance of the date on which he 
intends to commence the manufacture of 
the rails. 

The committee will keep in touch with 
the manufacturer and will proceed dur- 
ing manufacture to make the preliminary 
tests. 

All the necessary tests are to be carried 
out at the maker’s works, the cost being 
borne by the maker and the apparatus 
provided by him. 

The apparatus should, before being 
used, be checked for accuracy by the 
Test Department at Malines, This veri- 
fication shall be carried out whenever 
the Committee consider that it is neces- 
sary, and in any case whenever the 
period during which rails are being 
passed exceeds two years from the date 
when the first rails were passed. 

The certificates should be addressed 
to the Chairman of the Permanent Way 
Material Inspection Committee. 

The tensile testing machines should 
automatically indicate the apparent elas- 
tic limit of the test pieces used. 

The arrangement of. the falling weight 
test shall be as follows : 


The two supports should be of east 
iron resting on a base weighing at least 
10000 kgr. (22000 lb.) placed on a 
masonry foundation at least 1 m. (3 ft. 
3 3/8 in.) thick supported by solid sub- 
soil. 

No apparent movement must take place 
as the result of the falling weight. 

The shape of the falling weight and of 
the rail supports must correspond as near 
as possible to the arrangement shown on 
the general drawing of the gauges and 
test pieces. The falling weight should 
be provided with an automatic release 
giving different heights of drop. 

The manufacturers shall, at the com- 
mencement of rolling, submit, for the 
examination of the Committee, a speci- 


“Ta 


men of the rails which they are to pro- 


duce. 
-perfectly true to dimensions, will remain 
the property of the Administration, and 
shall bear the marks of the rolling mill 
specified in the chapter on « Special con- 
ditions of manufacture ». It shall serve 
as a sample, both as regards the profile 


and the marks, and shall be stamped 
_ both by the maker and by the Adminis- 


tration. 

Independently of the tests carried out 
at the maker’s works, the Administration 
reserves the right to carry out analyses 
or other tests in its own laboratories so 
as to ensure that the rails produced com- 
ply satisfactorily with the conditions laid 
down in the specification. 

The manufacturer shall not be asked 

-to be present at these tests. However, if 

the results obtained are not satisfactory 
or do not agree with those obtained in 
the maker’s works, the manufacturer 
shall be informed, and before proceed- 
ing, if necessary, to reject the rails, the 
manufacturer shall be allowed to put be- 
fore the Committee, within eight days of 
the notification, a demand for an addi- 
tional test at which he may be present 
or represented. 

The selection of the test pieces shall 
always be carried out by the Committee. 

The various test pieces are to be pre- 
pared by and at the cost of the manu- 
facturer in order to be forwarded to the 
Test Department at Malines, and should 
be made in accordance with the dimen- 
sions shown on the general drawing of 
gauges and test pieces. 

The manufacturer must provide free 
of charge packing cases and other mate- 
rial necessary for packing the test pieces 
or ends of rails which are to be sent 
away for these tests. 

The cost of the work carried out in 
Malines to finish or modify the test 
pieces which the manufacturers have not 
made themselves shall be borne by the 


_ manufacturers. The same applies to the 


cost of the tests and of the carriage or 


This specimen, which shall be - 


eS as 


analysis of test pieces or samples which 
are not passed as satisfactory by the Com- 
mittee. 

If more than two weeks elapse between 
the date of the arrival at Malines of ma- 
terial or samples to be tested or analysed, 
and the date on which the result of the 
test or analysis is notified to the manu- 
facturer, the latter shall be entitled to 
extend the delivery period by the addi- 
tional number of days which have elaps- 
ed, provided that the delay is one for 
which the Administration is responsible. 
Not more than 1000 tons shall be deli- 
vered as the result of one series of tests. 

The rails on delivery should be stacked 
in the storage park. 

The rails are to be classified according 
to length, laid head upmost and arranged 
in a-stack of such a height that all the 
rails may be examined without any un- 
due handling. 

The manufacturer is not allowed to 
deliver rails from casts other than those 
which have been passed during their ma- 
nufacture. 

It is also forbidden to deliver again 
rails which have been subjected to tests. 


The foregoing merely lays down the 
general conditions in connection with the 
tests of the method of preparing for the 
same. 

It is the practice of our Administration 
to abstain from entering into questions 
of manufacture, leaving the choice of 
the processes, which are considered to 
give the best results as shown by the 
tests, to the judgment of the steel makers, 
who are specialists in this matter. 

Material is therefore accepted solely 
on the quality of the finished article as 
shown by the tests. . 

However, the specification stipulates 
that the Inspection Committee may keep 
in touch with the process of manufacture, 
but this supervision at the works is less 
with a view to controlling the processes 
than to ensure a regular output in all 
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or three days and their surfaces should 


be as highly polished as possible so as 
to remove any causes which may exert 
an unfavourable influence on their re- 
sistance to fatigue. 

On the subject of « the influence of 
tool marks or other defects in the finish 
on the resistance of steel to fatigue », 
Mr. Norman Thomas has carried out a 
series of experiments at Oxford Univer- 
sity, and he summarises the results ob- 
lained in the attached table. 


Maximum 
reduction 
per cent in 
the r-sistince 
to fatigue, 


FINISH. 


Turned finish 
AGI NOHAO GT, wrore ge Dal ane x3 
Bastard file 
Smooti: file 

Rough emery cloth No.3... . 
Emery cloth No, 1 . 
Fin+ emery cloth (No. 0 or FF). 
Fine earborundum 
Fine grinding wheel 
Accidental scratches (maximum) 


18 to 20 


ie a 


Demo sereere tos SMI NG 2s 


Ne eae ae 


— Arrangement of supports and falling weight. 


Certain details in the method of car- 
rying out the tests may also have an 
adverse influence. | 


Tensile tests. — Once the test piece is 
fixed in the machine, it is necessary to 
ensure that the tensile force is exerted 
along the longitudinal axis of the test 
piece. 

The rate at which the force is applied 
should be regular and not vary during 
the test. 

The pipes to the cylinders in hydraulic 
testing machines should in no case be 
connected to another hydraulic machine, 
even if an accumulator is provided, in 
order to avert the possibility of prema- 
turely fatiguing the test piece by an 
alternating load. 

On the other hand, there are in some 
cases local defects such as cracks, non- 
metallic enclosures, etc., in the broken 
portion, to which the fracture may be 
attributed. 

Additional tests may satisfy the inspec- 
tor as to the real quality of the metal, 
but who can say that certain casts have 
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not been rejected in consequence of frac- 
tures due to local defects which have not 
been noticed? 

It is therefore necessary to carefully 


examine the test pieces both before and: 


after testing. 


Falling weight test. — It is of the 
utmost importance to ensure before drop- 
ping the weight that the lengths of rails 
rest properly on the two supports, other- 
wise the sides of the foot of the rail which 
receive the blow may be broken at the 
supports. 

It goes without saying that the sup- 
ports should be parallel and level so as 
to avoid any asymmetrical forces being 
exerted on the rail. 


Notched bar tests. — In the test in the 
Charpy machine, the test pieces should 
be finished to the correct dimensions and 
the bottom of the notch should be as 
highly polished as possible. Consistency 
of the results depends very largely on the 
care taken in preparing the test pieces. 

Another equally important point is to 
arrange the notch in the test piece in 
such a way that the test is carried out 
in the direction of rolling as shown on 
the drawing. 

A notch cut in the other direction 
would have the effect of testing the metal 
‘ina transverse direction and would there- 
fore falsify: the results. 

It is important therefore to carefully 
mark the side on which the noteh is to 
be cut. 


Acceptance of rails. 


The acceptance or rejection of a batch 
of rails'is decided upon by the Permanent 
Way Material Inspection Commalites at 
the maker’s works. 


Experience has shown that it is not 


desirable to allow more than 1 000 tons to 
be passed in one batch if it is desired to 
carry out all the stipulated tests methodi- 
cally and to assist the makers in turning 
out a satisfactory output. 


‘The method of passing the material is 
as follows : ; 


The rails, when finished, after having - 
been thoroughly examined by special em- 
ployees of the makers, are classified ac- 
cording to length, and are then presented 
one by one for examination by one of 
our test inspectors. The latter satisfies 
himself that the section, finish, length, 
position of the bolt holes are correct, and 
that there are no fins left by the rolls. 

Any rails which are considered un- 
satisfactory are put aside, while those 
which are suitable for acceptance are 
spread out. as laid down in the specifi- 
cation. 

The condition that rails are not to 
be presented for inspection in a stack, 
but that they must be spread out is a 
serious matter for the makers. The Bel- 
gian steel makers for the most part lack 
the necessary space, and therefore are 
hardly able to fully carry out this con- 
dition. It should be so arranged, how- 
ever — and the inspector should insist 
upon it — that all the rails are to be 
accessible, 

If, therefore, the whole consignment 
cannot be spread out, it is essential that 
the stack should not be a high one, and 
that lifting appliances should be provid- 
ed so that the rails may easily be moved 
and thus lay open to view successively 
each layer in the stack. 

When the rails are to be finally passed, 
the members of the Committee carry out 
all the mechanical and macrographiec 
tests, and a further inspection of each 
individual rail. 


When the rails have been passed, they 
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are stamped at both ends with the dis- 
tinguishing mark of the Committee. 
* 
eo 


GAUGES. 


The makers shall be obliged to submit 
to the Committee two of each of the 
gauges shown on the general drawing of 
gauges and test pieces. These shall be 
passed as satisfactory before being used 
by the Committee. 

After being checked, the two sets of 
gauges shall be stamped by the Commit- 
tee. One set will be sent back to the ma- 
kers, and the other set shall be retained 
for use by the officials and agents of the 
Comittee. 


We have not thought it advisable in 
this article to reproduce in its entirety 
the general drawing of the gauges, pre- 


fering to deal hereafter with each one. 


separately. 
* . * 
SPECIAL CONDITIONS 
OF MANUFACTURE. 


Composition of the metal. 


The rails shall be of hard steel with a 
minimum silicon content of 0.12 %. 

The makers shall be obliged to furnish 
the Committee with a complete chemical 
analysis of all the casts presented for. 
inspection. These analyses shall give the 
percentage of silicon, manganese, carbon, 
sulphur and phosphorus. 


Before the war, the specifications for 
rails did not contain any conditions as 
regards the chemical composition of the 
metal, At the present time, a minimum 
silicon content is required, and the maker 
has to furnish a complete analysis of all 
the casts. 

As a check, the test department labo- 
ratory at Malines carries out an analysis 
of a certain number of casts as selected 
by the Committee. 


In order to obtain comparable results 
and to avoid discussions between the 
laboratories, it may appear necessary to 
state in the specification the analytical 
processes to be used in determining each 


of the constituents, but this would entail 


modifications in the specification every 
time chemical progress discovered a new 
method of analysis. It is better to rely 
on mutual arrangements between the 
laboratories before making the analyses, 
or where there is any discrepancy, to 
make use of the more-perfect process (1). 


(1!) At the Malines laboratory the proportion of 
silicon is determined by weight. Drillings are taken 
from the head, web and foot of the rail, and after 
sampling, the silicon is estimated inthe form of an 
insoluble silicate. ; 


The process is as follows + 

Oxidise the silicon so as to transform it to silica, 
which is rendered insoluble by heating, it is then 
collected, freed from fixed’ salts with which it is 
accompanied by washing, dried, calcined and 
weighed ; . 
Si Og X 0.4702 = Si. 

The conditions upon which accuracy depends are 
as follows : 

4. To totally oxidise the silicon; 

2. To render perfectly insoluble the Si O,; 

3. To completely remove from the silica all the 
salts or other fixed components. 


Method used. 


Take 5 grams (2.82 drams) of steel. Dissolve in a 
porcelain beaker with 80 cm% (4,882 cubic inches) 
of hydrochloric acid diluted with an equal quantity 
of distilled water. Evaporate on a sand bath and 
add 20 to 30 cm? (4.220 to 1.830 cubic inches) of 
hydrochloric acid, then add 200 to 300 em? (12.200 
to 418.300 cubie inches) of boilmg water. After 
dissolving the iron salts, filter on an ashless filter 
paper; wash with, boiling water containing 5 °/. of 
hydrochloric acid, dry, calcine and weigh, 

If the steel contains small quantities of oxide, 
these will not be attacked. As these are heavy, 
when the silica has filtered, they may be separated 
by decantation and dissolved in strong hydrochloric 
acid. 
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~The question of silicon has been dealt this being the complete account of the 
e “with by one of the authors: in the first examination of a batch of rails whieh 
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These impurities, which as a whole are 
known by the general term of « segre- 


gations », have the effect of lowering the’ 


solidifying point of this part of the head 
of the ingot, which remains liquid, thus 
accounting for their accumulation in this 
zone of retarded solidification. 

It is therefore necessary to distinguish 
between piping and segregation. On the 
other hand; the temperature, the nature 
of the metal, its viscosity, the form of 
the ingot mould and the thickness of the 
walls and the time taken in pouring are 
factors which have an effect, to a greater 
or less degree, on the local chemical com- 
position and on the structure, and have 
an effect on the liberation of gas occluded 
in the metal. This gas avises from three 
sources : 


1) The absorption of hydrogen and 
nitrogen as dissolved gas in the liquid 
metal; 

2) Trapping of air at the moment of 
pouring; 

3) Chemical reactions which oecur 
during and after solidification. 


Where the gas remains imprisoned in 
the interior of the ingot, this produces 
a number of small holes, known as 
« blow holes » breaking the continuity in 
the mass of the ingot. 

At the same time, there are produced 
internal cracks resulting from the more 
or less regular conditions under which 
contraction takes place. 

On the faces of the ingots are also sur- 
face cracks characterised by a number 
of superficial defects which may arise 
from local ocelusions. 

Unless special precautions are taken to 
minimise the various defects which we 
have just mentioned to the absolute mini- 
mum, the steel will be unsuitable for its 
required purpose. Therefore, recourse 
must be made to various chemical or me- 


chanical methods which have the object 
of improving. the ingots. These measures 
tend to the localisation of the piping, the 
elimination of the gas, and finally the 
removal of the unsound portions of the 
ingot after blooming by cutting off the 
portion containing the piping and segre- 
gations.. We cannot enter here into other 
details without going beyond the scope 
of this article. 


Before rolling, the ingots which have 


heen removed from the ingot moulds are 


placed in pils to regularise their tem- 
perature during the completion of soli- 
dification. 


It goes without saying that the time 
which they remain in the furnace and 
the temperature of-the furnace has a 
considerable influence on the crystalisa- 
tion of the metal and consequently on 
the quality of the product. 

If kept too long at a high temperature, 
it will have the effect of producing a 
coarse crystaline structure, which will 
render the steel brittle on account of 
liability to intercrystaline rupture. 

An insufficient time, on the other 
hand, will allow the metal to remain in 
distinct isochemical or isothermal layers 
which will lead to a lack of homogenity 
in the metal. 

If the ingot is taken for blooming be- 
fore it has remained sufficiently long in 
the soaking pits, the central portion will 
be still liquid and will be forced out 
under the pressure exerted by the rolls. 
It is then said that the ingot is too 
« young ». 

If the liquid metal is not forced out 
as the result of the solidification of the 
head of the ingot, it may form zones of 
different carbon contents arising from 
the successive solidifications. 

Macrographs, which will be dealt with 
later, form an effective means of ascer- 
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taining the constitution of the ingot or 
of the rail after rolling. 


* 
% * 


The clause dealing with the size of 
the ingots has the object of preventing 
the maker from using too small ingots 
which would increase the number of 
rails made from the head and would 
therefore increase the risk of segregation 
in the rails without producing any im- 
provement in the structure. 

The weight of the ingots used by ouy' 
steel works range as a rule from 3 000 
to 4500 kgr. (6 600 to 9 900 Ib.). 


* 
* * 


After taking from the pits, the com- 
pletely solidified ingots are taken for 
blooming, and after cogging and rough 
rolling to a sufficiently reduced section, 
the head and the base of the ingot is 
cut off. 

Generally speaking, it can be said that 
the quality of the rails very largely de- 
pend on the trowble taken to remove un- 
sound portions of the ingot, We will 
enter into details later. As regards cul- 
ting off the base of the ingot, this is 
done to remove impurities which may 
have collected during solidification. 

The clause which forbids the ingots to 
be laid on their side before solidification 
is complete, is with the objeet of prevent- 
ing the displacement of the liquid por- 
tion in the head of the ingot before soli- 
dification in order that the piping and 
segregation shall not be displaced tow- 
ards the centre of the ingot. Any doubt 
as to the position of this portion would 
render the ingot unfit for use, or at any 
rate would render it useless to eut off 
certain portions of the ingot. 

The ingot retains all the original de- 


fects due to piping, and the walls of the 
internal cavity are brought together by 
rolling without welding and separate 
when the pressure of the rolls has been 
removed. To this may be attributed the 
cases where the head of the rails in ser- 
vice have become detached over several 
metres length, as is sometimes found in 
the metal of the rail. 


Rolling. -— After cogging, the bloom, 
reduced to a suitable section and with 
the unsound portions cut away, is passed 
on to the roughing rolls, intermediate 
rolls and finishing rolls, which are form- 
ed with grooves designed so as to dis- 
(ribute the metal in a regular manner in 
order to arrive progressively at the final 
section of the rail, 

Without entering into the details of 
manufacture, we may say that the design 
of the roils, based on the correct appli- 
cation of the laws of cohesion, constitule 
the most important part of the technique 
of rolling. 

The design of the rolls is still at the 
present day looked upon as a specialised 
subject, the principles of which have for 
a long time been empirical, and have 
only been dealt with by specialists in 
this branch. 

Geuze has laid down the law of the 
flow of metal as follows : 

In order that any section may be easily 
rolled, it is necessary that at each time 
of passing through the rolls all the por- 
tions of the same section -may elongate 
by an equal amount, extend the same dis- 
tance in the same time, as would be the 
case if the metal were liquid, and forced 
to flow through an orifice having the 
same shape as the space between the rolls 
under the influence of a uniform pres- 
sure acting over the whole of the section. 


After rolling, the rails have again a 
portion cut from the end sufficient to 
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segregation. 


ensure that they are entirely free from 
The portions cut from the 
head of the rail are submitted to the pre- 
liminary impact tests with a 4m. (18 ft. 
4.1/2 in.) drop. 

We might add that the total amount 
of metal cut off, both on the bloom and 
on the rail after rolling, is as a rule 
from 20 to 25 % of the weight of the 


Width Thickness 


Thickness of the foot 
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ingot, if one wishes to entirely remove 
all traces of piping and segregation. 
We give later, as a typical example, a, 
drawing of the rolls for 52 kgr. (104 lb. 
per lineal yard) Goliath Vignoles rails, 
and a table of the dimensions of the suc- 
cessive grooves which we take from 
Mr. L. Geuze’s treatise on « Forging and 
rolling », page 188. 


Thickness of the head 


Number 
of 
groove, 


of groove, 
in 

millimetres 

(in inclies), 


147 (5.787) 
145.5 (5.729) 
144.5 (5.689) 
: 143.5 (5.650) 
142 (5.591) 
140.5 (5.532) 
139 (5.472) 


of the web, 


in 
millimetres 
(in inches). 


17 (0.669) 
17.75 (0.699) 
19.5 (0.768) 
22.5 (0.886) 
26.75 (1.054) 
33.5 (1.319) 
43.5 (1.713) 


at the edge, 
in mil imetres 
(in inches), 


10 (0.391) 
10.5 (0.444) 
14.4 (0.449) 


at the web, 
in millimetres 
(in inches), 


24 (0.827) 
22 (0.866) 
24 (0.915) 


12.75 (0.502) | 26.75 (1.054) 


14 (0.554) 
16.5 (0.650) 
18.5 (0.729) 


30 (1.484) 
34.5:(1.359) 
39. (1.535) 


w the outside. 
in mijlimetres 
(in meches), 


36.5 (1.437) 
38 (4.498) 
41.25 (4.624) 
46.75 (1.841) 
54.5 (2.446) 
65.5 (2.579) 
73.5 (2.894) 


atthe web, 
in millimetres 
(in Inches). 


47.5 (1.870) 
49.25 (1.939) 
53.5 (2.107) 
60.5 (2.382) 
70 (2.756) 
82.75 (3.258) 
96 (3.780) 


head of rail, 
165 (6.496) 


437 (5,894) 
146 (5.748)° 


Section of rails. 


The rails should be correct to the 
section shown on the general drawing of 
gauges and test pieces. They must be 
within the following limits : 


+ 0mm. 5 (0,0197 inch) for the height 
of the section, width of the head 
and thickness of the web; 

1 mm. (0.039 inch) for the width 
of the foot; 

+ (0 min, 25 to— 0 mm. 75 (+ 0.0098 to 
— 0.029 inch) for the fish plate 
bolt holes; 

no tolerance being allowed on the inclin- 


ed surfaces against which the fish plates 
bear. 


+ 


The section of the rails should be 
strictly uniform throughout their length, 


20 (0.787) 
34 (1.339) 


30 (1.481) 
45 (1.772) 


and especially at the ends which are to 
be held by the fish plates. Care must 
be taken not to alter the section by cut- 
ting. The various radii must conform 
strictly to the dimensions given on the 
drawing. 


Before the introduction of the new 
specifications, rails were checked merely 
on the nominal profile by means of or- 
dinary gauges (see figures 5 and 6). 
Variations in the dimensions, either 
above or below the figure shown on the 
drawing, were measured by feelers or 
depth gauges. 

This method caused considerable delay 
in passing the rails. No official tole- 
vance was fixed, discussions took place 
between the makers and the inspectors as 
regards the limits which could be allow- 


Fig. 2. — Roughing rolls 850 mm. 
(2 ft. 9 15/32 in.) centre to centre. 


Fig. 3. — Intermediate rolls 750 mn). 
(2 {t. 5 4/2 in.) centre to centre. 


Fig. 4. — Finishing rolls 750 mm, 
(2 ft. 5 1/2 in.) centre to centre. 


Figs. 2 to 4. 
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ed, each party defending his own parti- 
cular point of view, and the result was 
that the rails supplied were not entirely 
uniform. 

In this way rails were accepted which 
had errors in the seetion or fish” plate 
bolt holes which were too large. ‘The 
manufacture of points and crossings, in 
which the amount to be planed away is 
dependent on the theoretical section of 
the rails, was very much impeded, and 
the fastenings, which took a bearing on 
the inclined fishing surfaces, were sub- 
ject to play which gave serious trouble 
to the makers and caused rapid deteriora- 
tion of the points and the crossings in 
service. ; 

At the present time, any discussion is 
impossible in view of the adoption of 
minimum and maximum dimensions to 
which, if the rails do not conform, they 
are not accepted. 

Incidentally, we may mention that the 
system of inspection by limit gauges has 
been applied by the Committee since 
1919 for the verification of the majority 
of material submitted to it. 

The determination of the suitable tole- 
rances was not an easy task. If.on the 
one hand data ‘as regards the figures 
quoted in the specifications of important 
foreign railways was a source of valuable 


information, the great differences be- _ 


tween the tolerances allowed in these 
various specifications for the same di- 
mension rendered this somewhat confus- 
ing. 

It was necessary to obtain rails which 
were as uniform as possible, that is to 
say, the tolerances should be as fine as 
possible, at the same time keeping them 
within what could be commercially pro- 
duced so as not to render production 
almost impossible or even very difficult. 

The limits proposed by the railway 
administration were decided upon after 


——————— 
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consultation with the principal Belgian 
steel works supplying the rails. 
Therefore we can say that since the 


application of the new specification we 


have met with no criticism on the part 
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Fig, 5. — For rails 40,650 kgr. per metre 
(81.94 lb. per yard). 


of the steel makers, who declare, how- 
ever, that our conditions are as strict as 
can be reasonably demanded from com- 
mercial methods of manufacture and rol- 
ling, 
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Fig. 6. — For rails 50 ker. per metre 
(100.79 lb. per yard). 


Figs. 5 and 6. — Old type gauges. 


In general, one may say that if the 
makers naturally oppose an increase in 
the accuracy of the methods of checking 
the products of their manufacture, the 
net result is that each justifiable increase 
in the strictness of the tests rapidly 
brings about improvements in the method 
of manufacture which are advantageous 
both to the producer and consumer. 


We give a reproduction of the general 
drawing of gauges and test pieces separ- 


ately, so that under each heading we can 
deal with the corresponding gauges. (See 
figures 7 to 22, 28 to 34, 50 and 51.) 


Length of rails and drilling 
of bolt holes. 


Rails required for open line are of the 
ordinary length of 18 m. (59 ft. 5/8 in.), 
both for the 40.650 kgr. (81.94 lb. per 
yard) rails and the 50 kgr. (100.79 Ib. 
per yard) rails. — 


ea eS 
3 —. 2 iy BEN 
Female gauge with minimum and maximum tolerances, = 


nagea ee of a Meters: wep ; proeee wet cer ee Sy rt Ree pen eae ee Sa ~~ 44 
4 mm. (0), inch), Bolt holes ; tolerance hes er get Hika ge So es 
1/2 mm, (0.0196 inch) on diameter and vertical F dae sol sag 


position, Por checking that web and head are 
square with the_foot. 


Forkdes AiLissage. 
owe we tolecance sue fer mclimursonr. 
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Figs. 7 to 18. — For rails 50 kgr. per metre (400.79 lb. per yard). 


_ For explanation of French terms, see opposile page. 


Bourrelet tolérance + 1/2 mm. = Head 


“surfuces, no tolerance on the inclina- 


pa 


Inclination of foot furthest from web 
Tis 7 7 pigleranee + mm.{(0,0088 inch), 
Roe s Pa 4 LA olt holes: tolerance i Oy 
ge with minimum and maximum tolerances. inch) on dieerandve cain 
: é 5 E For checking that web and head are 
square with theffoot. 
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Explanation of French terms: 


of rail tolerance + 0.0196 inch, — 
Portées d’éclissage, pas de tolérance 
sur les inclinaisons, -+ 1/4et —3/4mm, 
sur louverture = Fish plate bearing 


tions, + 0.0098 and — 9.029 inch on 
distance between surfaces. — Ame, 
‘tolérauce + 1/2mm. = Tolerance on 
web + 0,'196 inch, — Profil normal 
= Normal profile. — Hauteur tolé- 
ranve -+ 1/2 mm. = Height toler- 
ance + (0.0196 inch. — Patin tolé- 
rance -+ 1mm. = Width of foot 
tolerance + 0,039 inch, 
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0. — For rails 40.650 kgr. per metre (81.94 Ib. yer yard). 
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The administration reserves the right 
to include in the rails supplied : 


1. A, quantity of -17.-m. 88 (58. ft. 
7 15/16 in.) rails which may be one 
fifteenth of the total tonnage; 

2, A quantity of one tenth of the total 
tonnage of various short rails less than 
17 m. 88, some of which are used for the 
manufacture of points and crossings and 
some for open line. 


At least one twentieth of this partial 


quantity shall be composed of rails 12 m. 
(39 ft. 4°172 in.) long; 

3. A quantity equal to 1 % as a maxi- 
mum of the rails for open line in lengths 
varying from 18 to 28 m: (59 ft. 5/8 in. 
to 91 ff. 10. 3/8 in.). 


The following tolerances are allowed 
in the length of rails : 


1 mm. (3/64 inch) up to 6 m. (19 ft. 
8 1/4 in.); 

1 mm. 5 (1/16 inch) up to 12 m. 
(39 ft. 4 1/2 in.); 

2 mm, (5/64 inch) up to 18 m. 
(59 ft. 5/8 in.) ; 

3 mm. (1/8 inch) above 18 m. 
(59 4ti.5/8 am). 


Each end of the 40.650 kgr. rails shall 
be drilled with three fish plate bolt holes 
in the web. Moreover, all the 17 m. 88 
and 18 m. rails shall be drilled with four 
additional bolt holes and 12 m, rails with 
two additional bolt holes for fixing the 
ends of the fish plates. 

Each end-of the 50 kgr. rails shall be 
drilled in the web with two holes for fish 
plate bolts. Moreover, all the 17 m. 88 
and 18 m. rails shall be drilled with four 
additional holes and the 12 m. rails with 
two additional holes for fastening stop 
plates. 

The position of the holes is given on 
the drawings; their dimensions are as 
follows : F 

30 mm. (1 3/16 inch) diameter for fish 
plate bolts for 40.650 kgr. rails, and also 
for fish plate bolts for 50 kgr. rails of 
9m. (29 ft. 6 3/8 in.). 


fate 


~ 


le 


He 


34 mm. (1 11/32 inch) diameter for 


fish plate bolts of 50 kgr. rails of more 


than’ 9 om. length; 4 and 27 sama 
(1 1/6 inch) diameter for fastening stop 
plates for 40.650 ker. rails. 

The holes are to be truly cylindrical 
with the burr removed. 


The following tolerances are allowed 
n drilling the holes : 


hee 


+ 0mm. 5 (3/128 inch) on the diameter 
of the fish plate bolt holes; 

+ 0 mm. 5 (3/128 inch) on the position 
of the fish plate bolt holes; 

+ 0 mm. 5 (3/128 inch) on the diameter 
of the intermediate holes; 

+ 0mm. 5 (3/128 inch) on the position 
of the intermediate holes as re- 
gards height; 

+ 0mm, 5 (3/128 inch) on the distance 
between the intermediate holes; 

+ 3 mm, (1/8 inch) on the position of 
the intermediate holes from the 
end of the rail. 


The maker has to provide steel gauges 
for checking the lengths of all the rails 


- ordered. These gauges are provided with 


gauge marks for checking the various 
lengths and should be constructed so as 
to bear against one end of the rail which 
is to be checked. 

For the lengths between the interme- 
diate holes, the gauges are provided with 
buttons which enter these holes. 

At the commencement of manufacture, 
each maker is obliged to mark off, by 
means of a metre scale, a rail of the 
normal length of 18 m. (59 ft. 5/8 in.) 
at a temperature of 15° C. (59° F.). This 
rail, which is marked off metre by metre, 
remains at the disposal of the Committee 
during the whole term of the contract 
and is used for the periodical verifica- 
tion of all the various length gauges. 

As regards the drilling of bolt holes, 
the information given to the manufac- 
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turer ae the order states the rails the rails after rolling. It is found that 
when any bends in the rails have to be 
taken out by means of straightening 
presses, this may have a serious effect 
on the state of the rail, effects which 
may even cause cracks at the junctions 
of the various parts of the rail, ae re 
the head, the web and the foot. 
defect. cepacia arises from the anak 
| ful use of s' rolls which act 
in too drastic a manner. 
The other clauses are sufficiently clear 
not to ‘require any comments. 


| Marking the rails, 


a ao ome must bear on both faces of 
“effected the web and not t prog ee 
aae mark, year of manufacture 
i bya ook ‘the order number and the letters ABS. 

the as are to be mila at the 1,885 In acardane wih whe 


hot, givin 
Tigh tiey ees 


ae eer fy, rails are of acid Bessemer steel or basic 
ae ee Hen es ee te ae ee Thomas steel. They are also to be mark- 
Me 2 dnd gotep aati ne ae 

Bie ‘drama. _ These made by chance 

aes Ne atin ‘the See rol ee are to be 
se "as visible as possible without impeding 
aay the proper fitting of the fish bea oe 

2 a The eae also bear a stan 

Peg ch i 

7 

: bie 


fg Bias es : 


al ape) 


a Selita es nae 
on Sa une number from which 
it is made. ~ 


1s 

rik 
eh Sie a Le 
O Rett M1 nb 


“hie 


oA Me eb ee ra ack ee a a “The rails on acceptance shall be stamp- 
eras meat: bE ase in ed by ‘the Committee at bothoends: 

. Snes We will ittustrete by the following 
example the foregoing instructions. 


_ Suppose that a firm, whose distin— 


_ guishing mark is S. J. C., is delivering 
rails to contract number 20 349 in 1924. 


All the rails would bear in relief the 
following marks upon the web : 


1 


ATS signifies that the rail is made of 
Thomas steel with 0.12 % of silicon. 

On rails supplied to orders prior to 
October 1924, one will find the mark 
ATS2 corresponding to a minimum sili- 
con content of 0.20 %. 
_ An arrow indicates the direction of the 
head of the ingot. 

All the rails made from the heads of 


Fig. 


ingots are to be hot stamped with the 
number of the cast from which they are 
made and also the letter T, together with 
the serial number or letter of the ingot. 


In addition to the above marks, which 
are rolled on the rails, one will find on 
certain rails the following marks as for 
example : 


Marked jin relief. 


Fig. 


33 signifies that the rail is rolled from 
cast number 33; T indicates that the rail 
is made from the head of the ingot, and C 
that it is made from the third ingot from 
cast No. 33. 


For this latter mark it is necessary to 
take into account the order in which the 
ingots are cast. 
The number of the cast and also the 
letter T should be stamped cold at one 
end of the rails presented for inspection. 
When the rail breaks or a serious de- 
“= fect 3 is found, it is necessary to take, not 
— only the raised marks or the hot stamped 
marks on the web, but also the marks 
stamped on one of the ends. One will 
end for example, on the end of the rail 


Stamped hot on rails made 
from the head of the ingot. 


24. 


(at least if it has not been cut before 
laying). 


Fix, 25. 


CFB is the stamp mark of the admi- 
nistration; R is the inspectors stamp 
mark who is responsible for inspecting 
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the material at the works (each inspector 
has a different letter); T indicates 
whether the rail is taken from the head 
of the ingot. 

All rails not marked T are supposed 
to be taken from the lower portion of 
the ingot. 


Weight of rails. 


The normal weight of the rails as given 
by the theoretical section, as quoted in 
clause 7 of the existing specifications, 
is 40.650 and 50 kgr. per metre (81.94 and 
100.79 lb. per yard). 

In examining rails separately, a toler- 
ance is allowed of 2 % greater or less 
weight, provided that the whole do not 
vary from the correct weight by more 
than 1 %. 

Within this limit-of tolerance and be- 
low, the rails are paid for in accordance 
with their actual weight; if above, the 
excess weight is not paid for. 

For each batch of rails received, the 
weight per metre shall be obtained by 
weighing at least 50 rails of the normal 
length taken from different casts and 
selected, half by the manufacturer, and 
half by the administration. 


Making good defects. 


It is strictly forbidden to hammer, 
heat, or file rails with the object of con- 
cealing defects in the manufacture. 

Any rails which show marks of being 
faked in this way shall be rejected. 


During the preliminary examination of 
the rails, it may be that the inspector, to 
assure himself of the exact nature of cer- 
tain marks which may be defects, lightly 
cuts the surface of the rail with a chisel. 
The workmen have a tendency to hammer 
out these chisel marks. This practice has 
certain disadvantages, and it is much 
better to leave the chisel marks. 


VARIOUS TESTS 
OF THE MATERIAL. 


The rail material must satisfy the fol- 
lowing tests : 


Impact tests. 


4.-Preliminary test. 


The Committee shall carry out in the 
first place an impact test with a falling 
weight of 500 kgr. (1100 Ib.) for the 
40.650 kgr. (81.94 Ib.) rail, and 1 000 kgr. 
(2 200 lb.) for the 50 kgr. (100.79 Ib.) 


‘rail, the weight falling through a height 


of 4 m. (13 ft. 1 1/2 in:) on material 
taken from the head of all the ingots used 
in each cast. These portions of rail, 
about 2 m. (6 ft. 6 3/4 in.) long, are to 
be taken from the upper end of each 
ingot, and shall be cut with a hot saw 
on one side only, the other side remain- 
ing rough. 

They shall be marked, while hot, with 
the cast number to which they refer, the 
letter T, and also the serial letter or 
figure indicating which ingot of the 
particular cast. 

If one of these ends should break, two 
additional tests shall be carried out on 
two ends of about 2 m. long (6 ft. 
6 3/4 in.), the first being taken from the 
rail made from the head of the ingot 
bearing the same serial number and the 
same cast. The second being taken from 
the rail made from the head of another 
ingot from the same cast. These addi- ~ 
tional test pieces shall be taken from the 
end of the rail corresponding to the head 
of the ingot, and must withstand a blow 
from the same weight falling through a 
height of 6 m. (19 ft. 8 1/4 in,). 

If these test pieces break, all the rails 
marked T from the same cast number 
shall be rejected, and falling weight tests 
from a height of 6 m. shall be continued 
on the other rails not marked T from 
the same cast number on two portions of 
rail 2 m. long taken from two different 
rails. 
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If one of these portions of rail break, 
all the rails of that cast number shall be 
rejected. 


We consider, contrary to the opinion 

expressed by Mr. Fremont in his interest- 
ing article on « Testing of rails », that 
the test should be carried out in the nor- 
mal position which the rail occupies 
in service, that is to say, resting on the 
foot. 
_ The falling weight tests are carried out 
on portions of rail 2 m. (6 ft. 6 3/4 in.) 
long with a tolerance of 10 cm, 
(3 15/416 inches) . 


2. Final tests. 


The Committee shall also select from 
each batch of rails from 1.5 to 2. % of 
their number, each rail chosen being 
from a separate cast or different ingot. 
The majority of the rails thus chosen 
shall be marked with a etter T. 

From each of these rails and at the end 
corresponding to the head of the ingot 
for the rails marked T, two pieces shall 
be cut, the first about 2 m. long for the 
falling weight test, and the second 0.75 m. 
(2 ft. 5 1/2 in.) long from which may be 
machined the tensile test pieces and also 
the sections for macrographs and notch 
bar test pieces. These two portions shall 
be stamped by the inspector. The por- 
tion 2 m. long must resist the impact of 
the falling weight falling freely from a 
height of 6-m. (19. ft. 8 1/4 in.). If a 
portion of rail marked T breaks, two por- 
tions of the same length shall be taken 
from two rails marked T of the same cast 
number. 

If another fracture occurs, all the rails 
made from the heads of the ingots from 
the same cast shall be rejected, and two 
pieces 2 m. long shall be taken from two 
rails of the same cast not marked T. 

If breakage again occurs, the rails from 
the entire cast shall be rejected, notwith- 
standing any results obtained in the pre- 
liminary tests. 


On the other hand, if a portion of rail 
not marked T used for the falling weight 
test breaks, two similar pieces’are taken 
from rails of the same cast, as well as 
two pieces from the rails marked T of 
the same cast. If any test piece breaks, 
the entire cast shall be rejected, notwith- 
standing the results obtained in the pre- 
liminary tests. 

If, moreover, more than one-tenth of 
the test pieces used in the final tests do 
not withstand the prescribed falling 
weight, the whole of the batch of rails 
shall be rejected without distinction. 


The falling weight constitutes one of 
the most rigorous tests used in the test- 
ing of rails. It is a drastic test which 
gives a good indication of the quality of 
the metal. 

The specification lays down one blow 
from a height of 6 m. for the ordinary 
test but the Committee submit each test 
bar to a second blow from 6 m. so as 
to satisfy themselves of the ductility and 
capability of the metal to withstand 
severe deformations. 

This second test is carried out as a 
matter of interest, but it may on some 
occasions reveal defects, especially non- 
metallic enclosures which one blow only 
would not reveal. 

One will find in the appendix attached 
to the specification the amount of defor- 
mation obtained per blow under normal 


‘conditions. 


Tensile tests and examination 
of the fractures. 


From the portion selected for tensile 
test pieces, macrographs and notched bar 
test pieces, are cut portions 60 cm. (4 ‘ft. 
41 3/8 in.) long for the preparation of 
tensile test pieces and the examination of 


Explanation of French terms: Rail de la fourniture = Portion of rail whieh is used. — 
Téte du lingot écru d’un coté et scié a chaud de l'autre cété = Head of ingot-notched on 
ove side and Sawn hot on the other side. — Vers téte du lingot = Towards head of ingot. 
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Static bendirg test. 


Section to be polished and etched for macrographs and Brinell test on sections specially’ 
prepared. 


Portion of rail which is cut in the direction of rolling into notched bar test pieces, this being 
at the end of the portion set aside for the final impact and tensile tests. 
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Tensile test te be taken from the end of the portion selected by the Committee to be sub- 
mitted to the final impact test (from the head). “ 


Falling weight test from 6 m. (49 ft. 8 4/4 in.) carried out by the Committee on 
a certain number of rails, 1.5 to 2°/o of the rails offered and required to be 
subjected to the whole series of mechanical tests. 


Section for macrograph (additional test). 


lun tote ah Ae we 
Bowed ude bontee cotter 


Falling weight test from 4m. (43 ft. 4 45/32 inch) on all the portions cut from 
the head o! ingots of each cast. (Sawn hot on one side only), 
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Fig. 26, — Yable showing the position from which the various test pieces are taken. 


the fractures under the following con- 
ditions : 


Grooves 2 mm. (5/64 inch) 
depth to be cut before 
breaking. 


Fig 27. 


This piece of metal 60 cm. long, is in 
the first place broken into three parts 
horizontally, the first break where the 
head is joined to the web, and the second 
where the foot is joined to the web. The 
breaks are prepared by notches, being 
made 2 mm. (5/64 inch) in depth as a 
maximum, these being either cut with a 
set or machined. 

Each of these portions, head, web and 
foot, are stamped by the inspector with 
the number of the cast from which the 
portion of rail is made. 

The fractures should show a fine uni- 
form grain which is homogeneous and 
free from brilliant white spots. 

From each portion of the head of the 
rail, tensile test pieces are then machined 
having a diameter of 16 mm. (5/8 inch) 
and an effective length of 200 mm. 
(7 7/8 inch) between the gauge marks 
as shown on the general drawing of 
gauges and test pieces, which shows the 
exact portion of the rail section from 
which the test piece is to be taken (figs. 28 
to 31). 

In addition to the turned test pieces, 
the outside portions of the head are kept 
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so that they may be broken in the pre- 


sence of the Committee, 


The diameter of the test pieces should 
be correct to within 0.05 mm. (0.00196 
inch) above or below the nominal size. 

The length of the ends of the test 
pieces shown as 70 mm. (2 3/4 inch) 
may be reduced where necessary to suit 
the jaws of the testing machine, but the 
test pieces used at Malines are always as 
shown on the drawing. 


The ultimate tensile strength of the 
test pieces shall not be less than 70 kgr. 
per square millimetre (44.4 tons per 
square inch), and the elongation should 
be at least 10 %. Moreover, the index 
of quality obtained by adding the tensile 
strength (metric units) to twice the elon- 
gation should be greater than 94. 

The elastic limit and the reduction of 
area are recorded for each test piece 
broken. 


If the test pieces do not satisfy the 
conditions imposed, either by having too 
low a tensile strength or insufficient 
elongation, the rails corresponding to the 
cast: numbers concerned shall be rejected. 


However, before the rails are definitely 
rejected, additional tests shall be carried 
out, either at the maker’s works or at the 
test office at Malines, under the same 
conditions as those laid down under the 
heading « Acceptance of rails ». 


The test pieces which are cut from the 
rails not marked T, that is, from those 
made from the lower portion of the in- 
gots, may in some cases be taken from 
the portion cut from the end of the rail 
at the maker’s risk. 


The separation of the portion of rail 
into three pieces, head, web and foot, has 
the advantage, not only of allowing the 
fractures to be inspected, but allows the 
Committee to take an additional flat ten- 


) long may be reduced to 
1 inch) in accordance with the 


2 3/4 inch 
5mm ( 


The length of the end portion 70 mm, 
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sile test piece or bending test piece from 
the web. 

The longitudinal axis of the test pieces 
is approximately at the centre of the 
head. - This position corresponds to that 
where segregation is liable to be found, 
and the maker is therefore compelled to 

’ eut sufficient from the end of the rail, 
as the rails are to a certain degree judged 
by the results of the tensile test. 

The length of the ends of the test 
pieces has been. fixed at 70 mm. so that 
they may-be effectively gripped by the 
jaws of all the testing machines. A cer- 
tain number of these are provided with 
wedge grips and require a greater length 
of head. In the case of other machines 
with toggle jointed jaws, the length of 
the ends may be reduced to 25 mm. 
(4 inch). This facilitates the machin- 
ing of the test pieces and provides a 
better grip while reducing the overall 
length. 

As regards the tensile strength and 
elongation, which are fixed at 70 kgr. per 
square millimetre and 10 % respectively, 
it is stipulated that the sum of the re- 
sistance plus twice the elongation should 
be greater than 94 so as not to depend 
upon the minimum tensile strength and 
elongation. 

Steel which has a tensile strength of 
70 kgr. must therefore have an elonga- 
tion of more than 12 %. 

On the other hand, we have laid down 
in a circular to the contractors that they 

_ must keep as far as possible within the 
limits of 70 to 80 kgr. per square milli- 
metre (44.4 to 50.8 tons per square 
inch) for the tensile strength. This in- 
struction has mainly arisen in view of 
the results previously, obtained at certain 
works where steel has been made having 
a tensile strength as great as 90 ker. 
(57.4 tons per square inch). Although 
fulfilling the conditions of the specifi- 


Posi- 


re raul: 


tion from which tensile test 


Fig, 34. — 50 ke 
piece is taken. 


Vig. 28. 
30. — Gauges for check- 


ing tensile test pieces. 


Fig. 
Figs." 28 to 34. — Tensile test, pieces. 


from’ which tensile 


test piece is taken. 


j 


| | 
Mea 
IM 


Fig. 29. — 40.650 ker. rail. 
Position 


type of grips used in the machine. 
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cation as regards elongation and falling 
weight test, these rails have given rise 
to serious trouble when being bent and 
to difficulties in manufacture when 
making points and crossings requiring 
especially a reduction in the cutting 
speed of the machine tools. 

Moreover, very high tensile strength 
appears to us to be dangerous for or- 
dinary rolled steel sections. It also ap- 
pears well established that the resistance 
to wear is not directly dependent to ten- 
sile strength when dealing with hard 
steels. 

By elactic limit is implied the appa- 
rent elastic limit, that is to say, the stress 
at which the permanent elongation of the 
test piece commences. 


Ordinary carbon. 


Minimum tensile Minirar 
strength per square ; : 
SPRY Process millimetre es 
COUNTRY. Class of steel. as ; per cent. Remarks. 
of manufacture. in kilograms Ha siainiaties 
(per Square inch, aa 
EARS in inches). 
France. Ordinary - Bessemer or 65 (41.3). 10 Jn R + 2A > 92 
carbon, Siemens Martin 70 (44.4). 9°} R+ 2A > 94 
acid or basic. 80 (50.8). 7 Jo R+2A> 98 
England Ordinary Siemens Martin | 66.14 to 78.74 | 12 to 15 o/. | The mimimum 
B.S. S. carbon. or Bessemer (42 to 50) (40). elongation for. 
acid or basic. over 78.74 intermediate * 
and up to 83.47 tensile strengths 
(50 and up to 53). being 
: proportional. 
England High carbon | Siemens Martin 72.44 to 78.74 42 
B.S: 8. steel. acid or basic. (46 to 50) (10). 
over 78.74 to 86.62 
(50 to 55). 
Bessemer 69.29 to 78.74 12 
acid: (44 to 50) (10). 
over 78.74 to 83.47 
(50 to 53). 


The reduction in area which gives use- - 
ful information on the ductility is noted 
in all the tests. It is obtained by the fol- 
lowing formula 

S— s 
S 
where § is the initial section, and s the 
section after fracture. 


100 


As a matter of information, we give 
the requirements in various foreign 
countries as regards tensile tests. 

It may be pointed out that the figures 
given in this table are only comparable 
provided that one takes into account the 
differences in the dimensions, length and 
diameter of the test pieces. 


piec a 
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The reagents which are most gouemnlle 
Bee ae of the an cee 
e plecerol wail eer for Canale macrogra-  Heyn's reagent. 
_ phic and notched bar test pieces is cuta “Double chloride of 
sc fo ee thick. “cope nd ammo- 
a ? u ly ad on one ise awe a see ‘forge: (6.77 dvame). 
te? go aac & as tale Distilled water . . . 4120 cm8 (7.32 cubic inches). 
oa ‘This st ou id nekaibw say te a ip eae _ Iodine reagent. 
/ gation. ~ "Sublimated iodine. . 10 gr. (6.64 drams). 
ia The oo Cine ‘macrographs Potassium iodine . . 20 gr. (14.28 drams). 
on a section cut at the end of a certain oo : a 


: 1e use of ee and defects in rails), Paris, 1934. 
ans es confine ourselves to sxawitig’ : 
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the attention of the reader to these papers. 
We give two photographic reproduc- 
tions of macrographs taken with double 


Fig. 32. 


A macrograph by means of the double 
chloride of copper and ammonia may, 
~moreover, in addition to the valuable in- 
formation as regards segregation, give 
information on the structure of the steel 
and reveal isochemical zones ‘in the rail 
which give rise to different colouration 
of the macrograph, zones of varying car- 


~ bon content being characteristic of rails 


which have been rolled at too high a 
temperature. 

These zones show themselves in the 
section of the rail in the form of an 
image which it is difficult to reproduce 
photographically, but which we show 
diagrammatically in figure 34. 

The notched bar tests and the micro- 
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chloride of copper and ammonia on sec- 
tions of rails which show zones of segre- 
gation. 


1 


Fig. 55. 


graphs confirm, by the condition of the 
structure, the variations in the carbon 
content. These zones are not always 
clearly defined, but-may vary gradually 
in the case of portions of metal from 
different sources which have been per- 
fectly welded. The web of ihe rail 
shows a decarbonisation caused by a pre- 
cipitation of the ferrite. One therefore 
obtains from the web a greater resistance 
to impact than in the case of metal from 
the head or base. 

These zones spread out in the head of 
the rail and structural anomalies may, 
in view of the position from which the 
tensile test piece is taken, lead to varia- 
tions in the strength and elongation of 


head 
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the test piece and give abnormal results 
in accordance with the way in which 
these zones are located in the section 
tested. We have also, on a number of 
occasions, found that after breaking the 


tensile test piece, there are minute cracks 
on one side only, showing that this part 
has been extended to a degree exceeding 
its ductility, which is less than that of 
the neighbouring metal. | 


Position from which tensile 
test pieces are taken show- 
ing the possibility of in- 
eluding in the section 
different zones haying a 
variable carbon. content 
which may adversely af- 
fect the result of the tests: 


Fig. 34. 


In practice, the alternating bending 
stresses to which the rails are subjected 
may give rise to effects of the same na- 
ture, and it is undesirable that such 


trouble should be regarded, as is often 
the case, as being due to a « defect ». 


* 
Ky om, 


inspection. 


We also carry out at the same time, 
for the determination of impurities and 
inclusions of sulphur, macrographs by 
the Baumann process, which consists of 
applying for from 2 to 5 minutes, on 


the polished surface of the rail, a paper 


sensitised with bromide (or citrate) of 
silver previously soaked in distilled water 


and afterwards dipped for a few moments - 


in sulphuric acid at 3° Baumé. 

This method shows up the parts of the 
section which contain sulphur. 

The print which is fixed with hypo- 
sulphite of soda after washing in water 
gives as a rule an image which is iden- 
tical with that obtained by means of the 
Heyn reagent. 

The sulphur segregated portions of the 
steel are attacked by the acid solution 
and liberate 
which converts into black sulphide the 
bromide of silver with which it is’ in 
contact. 

Certain writers. have stated that this 
method also reveals the presence of phos- 
phorus, but the opinion of Mr. Henry Le 
Chatelier, which is confirmed by the 
more recent researches of Oberhoffen and 
Knipping in Germany, seem to have esta- 
blished that the Baumann process only 


_ reveals sulphur. 


We show in figures 35 and 36 two 
bromide prints under which we give the 
results of a chemical analyses of the head 
and web of two rails broken in service 
by a portion of the head becoming de- 
tached along the lines of impurities. 


Micrographic tests 


The Committee, whenever they consi- 
der it necessary, also make a microgra- 
phic examination of the rails offered for 
These examinations are in- 
tended to obtain information as to the 
structure of the metal and its uniformity 
throughout the whole of the rails suppli- 


sulphuretted hydrogen - 
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ed. These tests also serve to verify 
whether the temperature at which rol- 
ling has taken place has been suitable. 


We have made a practice of making 
micrographic examinations both for the 
structure of new rails and also as a means 
of investigating the causes of rails hav- 
ing broken in service. This method very 
often allows one to obtain clear evidence 
of the influence on the structure, either 
of the processes of manufacture or the 
stresses which the rail has been subjected 
to in service. 

We show in figures 39 to 44 a series 
of micrographs showing the normal 
structure of our rail steel. 

We may mention that as a rule we use 
metal left over from the notched bar test 
pieces, which greatly facilitates the pre- 
paration of the specimens. 


Notched bar tests. 


The notched bar tests are carried out by 
the Committee as a means of obtaining 
useful information. They are carried out 
by means of a 30 _ kilogrammetre 
(217 foot-pound) Charpy pendulum (see 
figure 45). The necessary ‘test pieces are 
prepared at the maker’s cost. These test 
pieces should be prepared at the same 
time as the other test pieces required for 
the acceptance of rails. 

The test pieces are taken as follows : 

From the remainder of the portions of 
rail 75 mm. (2 15/16 in.) in length which 
have been used for the tensile test pieces 
and for the sections used for the macro- 
graph, there are also machined in the 
direction of rolling three notched bars 
as shown on the general drawing of 
gauges and test pieces. The section of 
these bars and the dimensions of the 
notch are checked by means of.a_limit 
gauge having tolerances of + 0 mm. 1 
(1/256 inch). 

The position of the notch is also given 
on the drawing. Each series of test 
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of rolling. 
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to the 
direction 


of rolling. 
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pendicular 


to the 
direction 


of rolling. 


Analysis 
0 

the cast. 
C..=0.46 
Si =0.14 
S =0-054 
Ph =0,062 
Mn = 0.90 
Car 0043 
Si =0.16 
S° =0.054 
Ph =0U.06 
Mn=0.95 
CG:  =0.42 
Si 0516 
S =0.05 
Ph =0.07 
1 Mn = 0.95 


; 


| 
Paralt 
to the 
dtrectic 
of rola 


(0.648 sq. 
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pieces shall be stamped with the corres- ing whether the test piece is taken from 
ponding cast number, and this number’ the web, head or foot of the rail. (See 
is followed by the letter A, B or Pindicat- figures 46 to 49.) 


wear 


Fig. 45. — Charpy pendulum. 


We will not enter into the various dis- ratio which may be established between 
‘cussions which have taken place with the the results of dynamic tests and the other 
object of finding the best form of notch - physical or chemical tests. 

to be cut in bars for these tests and the It is sufficient to say that we have 
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Notched bar test pieces. 


N. B, — Note the side on which 
the test pieces are notched, 


Figs. 46 to 49. — Position a which notched bar test pieces are taken. 


+ 
# Fremont test piece. 
1 
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2+ 
Fy 3 Mesnager test piece. 
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Fig. 50 
5 38 
2 oe bi U. F. test piece. 
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Figs, 50 and 54. — Types of notched bar test pieces. 


Haplanation of French terms ; Calibre de vérification des éprouvettes de résilience = Gauge for qnegeae notched 
bar test pieces, — Coupe A, B. = Section A B. 
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adopted the Mesnager type of notch on 
account of the ease with which the test 
pieces can be prepared (see figure 50). 
Formerly we used the Charpy test piece 
(see figure 51), but the difficulties of 
preparation have led us to abandon this 
type in favour of the Mesnager notch 
which can be made very easily and ac- 
curately in a milling machine. 

The notch appears to us to be neces- 
sary because it is required to break the 
test piece without risk of merely bend- 
ing it. 

The degree of brittleness appears to us 
to be more clearly shown with the notch- 
ed bar. 

What we also wish to obtain from this 
test is to be able to establish, other things 
being equal, for the different makers, a 
comparison of the brittleness of our rail 
steel without wishing to make a compa- 
rison with other steels obtained under 
other conditions of manufacture or speci- 
fication. 

A number of firms at first expressed 
doubt as regards the value of this test 
when carried out on hard steels which 
have not been heat treated. It has been 
stated that it is costly to prepare the test 
pieces, and that the results of the test 
do not justify this expense. However, 
our experience has proved that this test 
has for ordinary rail steels an importance 
which cannot be neglected as a means of 
ascertaining the quality. 

It is on much the same footing as the 
micrograph tests, and it is an important 
fact that at the beginning, when we 
pointed out to certain makers that the 
figures obtained for the resistance to im- 
pact were-very low (often less than 1), 
a detailed examination of all elements 
affected by heat treatment led to a very 
appreciable improvement in the figure. 
In this way it is now. usual at many of 
the works to regularly obtain impact test 


figures of from 2 to 5. This is a proof 
of what can be accomplished by careful 
observation of facts. 


The results obtained from a batch of 
rails which have been inspected will be 
found in the list of results at the end 
of this article. 


We would draw attention to the neces- 
sity for careful preparation of notched bar 
test pieces. Results which are to be of 
any value can only be obtained from well 
made and correctly dimensioned test 
pieces. It is also important to take care 
that the notch is cut in the face of the 
test piece as shown on the drawing. Up 
to the present, although the notched bar 
tests are compulsory, they are done as a 
means of obtaining information, and no 
definite figure is specified, but it is pro- 
bable that in the near future a minimum 
figure will be fixed. A figure which 
appears to us to be most suitable for our 
requirements is about 2 kgr. per square 
centimetre (28.45 Ib. per square inch) 
as a minimum. 


Brinell tests. 


We carry out on each batch of rails 
Brinell tests with a pressure of 3 000 kgr. 
(6 600 Ib.) on a ball 10 mm. (3/8 inch) 
in diameter in order to ascertain the 
hardness and homogenity of the steel, at 
various points in the section. 


The positions where these tests are car- 
ried out are shown on figure 52. 


Static bending tests. 


The Committee shall select, after taking 
into account the complete results of the 
first test under a blow of 4 m, (13 ft. 
1 1/2 in.) certain rails which have given 
the greatest amount of deflection, from 
which are taken lengths of about 1 m. 70 
(5 1/2 feet). 
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These rails, resting on their feet on two 
supports 1 m. 10 (3 ft. 7 5/16 in.) apart, 
must sustain for 5 minutes a load of 35 t. 
for the 50 kgr. (100.79 Ib. per yard) 
rails, and 25 t. for the 40.650 ker. 
(81.94 lb.) rails applied at a point mid- 
way between the two points of support 
without taking any permanent set after 
the removal of the load. 


Fig. 52. 


If there should be a permanent set, the 
Committee shall decide, by a considera- 
tion of the various results obtained from 
all the other tests, whether the rails of 
that particular cast can be accepted by 
the administration. 


This test does not appear to us to be 
of any great value in determining the 
quality, because it cannot give any direct 
indication as regards the condition of the 
metal. Moreover, it may often occur that 
the end of the rail submitted for test has 
already been subjected to a permanent 
deformation during the process of 
straightening. One cannot therefore 
claim that any true indication is given 
by this static test, and this test will pro- 
bably be deleted from the contracts in 
the future. 


RESPONSIBILITY 
OF MANUFACTURERS. 


There is not in the Belgian State Rail- 
ways specification any clause regarding 
a guarantee of the rails, nor any means 
of establishing the responsibility of the 
steel makers for rails which break owing 
to a defect in the metal. The majority of 
railways impose .in their specifications a 
guaranteed period ranging from six 
months to five years; other equally im- 
portant railways are of the opinion that 
the fact of having submitted the rails 
to all the tests which they stipulate frees 
the manufacturer from any further res- 
ponsibility, the more so because it is 


always very difficult to obtain agreement 


as to the cause of a rail breaking. If 
the penalty incurred by the manufacturer 
extends no further than the replacement 
of the rail, it must be admitted that the 
question is not one of great importance. 
If, however, it is intended to fix legal 
responsibility in the case of an accident, 
this may entail an increase in the cost 
of the rails quite out of proportion with 
the improvement in the quality, and it 
is to be feared that the manufacturers 
who have to undertake this responsibility 
will increase their prices in consequence. 
There does not appear any reason why 
special rules should be adopted for rails, 
whereas for articles which are more dif- 
ficult to control and the breakage of 
which may lead to more serious acci- 
dents, no special provision is made other 
than those contained in the common law. 


CONCLUSIONS. 


It will be seen from the foregoing that 


in completely revising the specification - 


for rails, the railway administration has 
aimed at the two following objects : 


1) To eliminate as far as possible de- 


Y 
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fective rails containing segregation or 
traces of piping resulting from cutting 
too little from the ingots; 

2) To lay down tolerances on the sec- 
tions. and dimensions of rails in order 
that these may be more uniform to ensure 
a better fit of the fish plates and joints, 
and to. facilitate the manufacture of 
points and crossings. 


* 
Ce 2 


It is obviously too soon to be able to 
give any definite opinion as to the results 
which can be obtained with this new 
specification, but it is certain that its 
application will tend to improve the qua- 
lity of the rails supplied. 

It should be mentioned here that the 
makers have not only made the necessary 
effort to satisfy the conditions laid down, 
but have shown their willingness to com- 
ply with certain requirements which the 
Committee have asked for on various 
occasions in the course of their work. 


Whereas as regards the tolerances on 
the section, the breaking tensile stress, 
the falling weight test and the amount 
of deflection, the requirements are 
clearly defined, this is not so in the case 
of the reduction of area, the elastic limit 
and the resistance to the notched bar test. 

The present state of our knowledge 
does not allow us to definitely fix mini- 
mum figures for the steel now manufac- 
tured. It is, however, possible, and we 
may even say probable, that in the more 
or less near future the impact test with 
a Charpy pendulum, or such similar 
method, will form the first test for pas- 
sing rails. 

We are therefore far from considering 
this article as being final, and if we have 
decided to publish it with the necessary 
data, it has been the object of showing, 
especially to engineers who use rails, 
the efforts made with a view to improv- 
ing the quality of the product by the 
application of modern and _ scientific 
methods of control. 
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SUPPLEMENTARY NOTE 


1 i Breakage of rails. 


As we have said in the introduction of 
this article, we have thought it well to 
give the reader who is unfamiliar with 
this question an idea of the importance 
which is to be attached to having rails 
which are as free from brittleness as _pos- 
sible, and to reproduce diagrams which 
show for the five sections of the Belgian 
State Railways the number of breakages 
for the year 1923. 

These show the number of breakages 
or cracks found per month, either in the 
part enclosed by the fish plate or in the 
free portion of the rail, and in each 
case the total number is given. These 
figures have been taken from statistics 
prepared from the reports of the Main- 
tenance Department. The exact causes 
may be difficult to establish in every 
case because a number of factors must 
be taken into consideration. For example, 
the weak section of a 38 kgr. (76.60 Ib. 
per yard) rail for the heavy axle loads 
which it has to carry, the neglected state 
of maintenance during and after the 
German occupation, the insufficiently 

strong fish plates of the 52 kgr. 
' (104.82 Ib. per yard) rails, the rapid 
restoration of the lines which was carried 
out after the armistice, have caused 
numerous -breakages, but our investiga- 
tions have clearly shown that a great 
number of breakages or other failures 
may be attributed to the presence of pip- 
ing or segregation in the rail. 

It must also be understood that the 
way in which the statistics are drawn 
up is not perfect and sometimes may 
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give incorrect information. This we be- 
lieve is the case on a number of railways, 
and therefore we consider that it would 
be of greater interest in investigating the 
causes which lead to rail breakages and 
therefore to the means by which these 
can be improved, to proceed in a sys- 
tematic manner in preparing statisticai 
ratios. In view of the relatively small 
number of breakages on each railway 
taken separately, and the necessity of 
recording all the causes which may have 
an influence on the various types of frac- 
tures, all the administrations should co- 
ordinate their method of investigation in 
order that they may obtain statistics 
which are comparable one with the other. 


II. — Examination of two cases 
of broken rail. 


It appears to us of interest to those of 
our readers who are unfamiliar with this 
question to show how investigations in 
the laboratory allow the cause of the 
majority of fractures to be determined in 
an almost certain manner. 

We have chosen for this purpose two 
examples, one of which refers to the 
question considered in the first part of 
the article in the paragraph dealing with 
the straightening of rails, namely, loca- 
lised hardening, and the other to a case 
of a rail of unsound metal. 


4. Localised hardening. 


In the month of August 1923, it was 
found that a 40.65 kgr. (84.94 Ib. per 
yard) rail which had been delivered, but 
had not been put into service, showed 


57 kgr. (114.90 lb. per yard) rail. 


Kilometres (miles) in service : 
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Total number of breakages for the year: 60. 
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Total number of breakages for the year: 266. 
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Fig. 53. — Diagrams show 


987.125 km. (613.381 miles). 


+». 5 054.093 km, (3 140,522 miles). 


Branch lines.. 


88 kgr. (76.60 1b. per yard) rail. 
Main lines....... 


Total number of breakages for the year : 106. 


Kilometres (miles) in service : | 


34.674 km. (3314.870 miles), 
10.431 km. (540.870 miles). 


fear ; 266. 
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3 286.803 km. (2 042.360 miles). 
264.288 km. (164.224 miles). 


50 kgr. (100.79 lb. per yard) rail. 
Main lines,...... 
Branch lines.,... 


Total number of breakages for the year : 91. 
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rails for the year 1923. 


4 of the rail. 
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at a particular point six transverse cracks The chemical composition of the metal 
more or less deep on its upper surface. in the portions marked numbers 1 to 7 
was determined. 


3m CL//SALL LLL The analysis was as follows : 
3% DISSSZOSY 
Dm LLC Lk 
5m KN = 


ZG 


SS 


The defects in the rail could therefore 
not be attributed to a lack of homogenity 
of the metal. 


Micrographs were taken from the head. 
of the rail : 
- @) in the cracked portion, 

b) from the same rail in the sound ~ 
portion -at a distance of about 23 em. 
(9 inches) from the last crack. 


MEL 


Figure 55 shows the way in which 
these_test pieces were taken. 

The face of the specimen which was. 
polished was that corresponding to the 
upper surface of the rail. 


~ 
GY We will call A the specimen taken 
- from the cracked portion and B that. 
Q taken from the sound portion. 
iy These-specimens were etched for one 
Yy minute in a solution of 2 % nitric acid 
Za in ethyl alcohol. 


\ 


Fig. 54. We obtained the micro-photographs. 
shown in figures 56 and 57. 
An enquiry into the cause of this de- These micrographs showed two totally 
fect gave the following results : different structures : ; 
Prints made by the- Baumann process A, showing a martensitic structure; 
showed that these cracks could not be while 
attributed to segregation extending to the B is composed entirely of ferrite and 


outer layers of the head. " pearlite. 


Polished face. 


Specimen “A. — 400 x 
Fig. 56. 


Structure A could be due, either to 
the accumulation on the upper surface 
of the rail of a constituent which would 
cause this structure, manganese for 
example, or is due to hardening. 


The first hypothesis is not confirmed 
by the chemical analysis. 


; IX-—-6 


Sound portion, 


Specimen B. — 400 x 
Fig. 57. 


We therefore have to accept the second 
hypothesis. As a matter of fact, after 
re-heating out of contact with the air in 
order to avoid oxidisation, the specimen A 
presented exactly the same appearance as 
that shown in the next micro-photo= 
graph, that is, showed a ferrite and pear- 
lite structure identical with specimen B. 
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400 x 


Fig. 58. — Specimen A after re-heating. — 400 x 


Specimens were taken at C, D, KE and F 
with the object of ascertaining whether 
in the defective region, all the portions 
of the rail had become hardened. 

Micrographic examination showed that 
there was hardening at C and D, while 
specimens E and F showed a normal 
structure (ferrite and pearlite). 

It was only the head of the rail there- 
fore which was hardened. 

We show in figure 60 a photograph 
of the specimen C taken at a, a distance 
of 0.75 mm. (0.029 inch) from the sur- 
face in the sorbitic region. 

To sum up, in the region of the cracks, 
the metal was sound, but the rail had 
been subjected to an accidental local 
hardening due probably to rain having 


LLL, 


penetrated through an opening in the Fic. 40. 
roof of the shed in which the rails were - 
laid out to cool. ber of 50 kgr. (4100.79 Ib. per yard) 


rails, which had been rolled in 1920 and 
1921, developed defects and irregular- 
During the year. 1923, a certain num- ities in service which necessitated their 


2. Case of longitudinal cracks. 


a ee {in 2 ee 


— 975 — 


being either taken out of the track or 
else kept under observation. 


The first facts which were ascertained 
were as follows: 


The defects for the most part appeared 


to commence on the upper surface of the 
rail, on the inner side, by a very localis- 


ed spreading of the head of the rail, 
which showed the commencement of an 
interior longitudinal crack. 

This spreading was accompanied by a 
partial sinking which had the effect of 
bringing the tyres of the vehicles to bear 
on another portion. 

This defect gradually increased in 
depth and length under the combined 
action of the repeated shocks and the 
out of centre loading of the 50 ker. 
(100.79 lb. per yard) rail with a head 
72 mm. (2 53/64 inch) wide laid ver- 
tically. 

Lastly, the portion of the head which 
carried the load broke away and finally 
became detached at a position vertically 
over the outside of the web over a length 
corresponding to the length of the crack 
(see figure 61). The subsequent obser- 
vations which were made confirmed those 
made in the first place. 


{inside of rail. 


Fig 64. 


These rails were taken up in order to 
be examined. 


The facts which emerged after taking 
macrographs, micrographs and impact 
tests were as follows : 


4. A piece taken from each rail to 
be tested was polished and etched with 
the Heyn reagent. Certain specimens 
showed signs of segregation in the web 
spreading out into the head and foot. 
Certain fractures had followed or extend- 
ed into the lines formed by the regions 
of segregation. 

Baumann prints showed regions of a 
high sulphur content (see figures 35 
and 36); 


2. Impact test pieces of a Mesnager 
type were machined from the head of a 
rail on either side of. the crack taken in 
most cases from the position shown in 
figure 62. The results of these tests are 


Fig. 62. 


given below. It is to be noticed that the 
figures representing brittleness are very 
low. With rails of sound steel we gen- 
erally obtain figures which range from 
2.5 to 5 or even higher; 
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Resilience 
or energy 
absorbed in 
causing 
fracture per 

square a 
centimetre, 
(pe ee Se ee a SS 


Test pieces 
taken 
from cast 
numbers. 


Section 
in 
millimetres. 


Remarks. 


Thesetests were} 
carried out 
with a Charpy 
falling weight 
of 30 kgrm. 


10.4 x 8.0 
10.0 X 8. 
10.0 X8. 
10.08. 
10.4 * 8. 
10.0 X 8. 
10.0 X 8. 
LO 5D Kei 
10.18. 
10.0 X 8. 
10.0 X 8. 
10.0 X 8. 
LO exe 8): 
10.0 X 8. 


0.747 
057 
234 


158 


888 
408 
ota 
563 
725 
125 
231 
300 
.231 


Jammed in 
testing machine; 


0 
0 
0 
0 
0 
fe: 
0 
0 
0 
0 
0 
0 
0 


BE wo OS. Oo oot Co. SO >) 


3. Micrographs of various specimens 
taken from the head of the rails explain- 
ed their brittleness. 


These specimens showed that the steel 
of which the rails were made was un- 
sound and contained a number of very 
small blow holes and non-metallic in- 
clusions which, under the repeated shocks 
and stresses set up in the parts under 
consideration, developed and_ finally 
joined up forming fractures. In some 
rails these cracks ran into a segregated 
region and have extended along the line 
of the impurities (*). 


The various micrographs which have 


(4) Mr. Fremont in his memoir on the Causes of 
premature wear of rails, expresses an opinion in 
absolute conformity with our opinion as regards rails 
showing defects of this nature. 


been chosen show very well the progres- 
sive development of the defects in the 
steel and of the lines of cracks which have 
arisen from the numerous non-metallic 
inclusions in the steel. 


We also give micrographs which show 
that the cracks have followed the lines 
of the slag and non-metallic inclusions. 
It may be therefore concluded that the 
rails which have developed cracks were 
made from ingots or parts of ingots 
which were unsound, oxidised and segre- 
gated, and therefore of very inferior qua- 
lity. 

It should be noted that only macro- 
graphs and micrographs confirmed by 
impact tests are able to reveal the cause 
of premature defects in rails, and it is 
along these lines that’ investigations 
should be pursued in the future in ac- 
cepting rails offered for delivery, seeing 
that the mechanical tests (tensile and 
falling weight) which are laid down in 
the specifications, although still of im- 
portance and utility, are not always ca- 
pable of revealing defects in the metal, 
whereas the micrographs or macrographs 
can exactly show the position of the 
zones and lines of impuritiés which lead 
to the development of incipient cracks. 


It may be remarked that the majority 
of rails which are found defective were 
made from the first casts which were 
rolled after the resumption of work in 
the steel works after the war. At the 
time when these rails were inspected, 
only the mechanical tests were carried 
out, and lack of homogenity due to se- 
gregation could not be detected, this 
being only visible by means of a macro- 
graphic or micrographic examination. 


These micrographs show the large 
number of blow holes and non-metallic 
inclusions which destroyed the continuity 
of the steel. The two micrographs, 


Fig. 63. — Micrograph No. 4 taken before etching Fig. 64. — Micrograph No. 2 taken before etching 


and at right angles to the direction of rolling, the and at right angles to the direction cf rolling, the 
specimen being taken from the centre of the head specimen being taken from the centre of the head 
of a rail from cast No. 6. of-a rail from cast No. 167. 

100 x 100 X 


Fig. 66. — Micrograph No. 4 taken before etching 
from a specimen from the centre of the head of a 


7 rail from cast No. 133. rail from cast No. 6. 


g from a specimen from the centre of the head of a 
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Nos. 3 and 4, show the first stage of 
the development and the gradual joining 


up of the blow holes and inclusions in 


process of fissuring. 


400 X 


Fig. 67. — Micrograph No. 5 taken before etching from a specimen 
taken from one side of a crack in a rail from cast No. 133 showing 
_ that the fracture has developed along the line of blow holes and 


impurities. 


III..— Surface cracks. 


The question of the formation of sur- 
face cracks on the upper surface of the 
rail resulting from the action of the rol- 
ling load and from superficial harden- 
ing, which is due especially to the slip- 


ping of wheels, has attracted our atten- 
tion, but we have not up to the present 
found any case of rails breaking which 
may be directly attributed to this cause. 
We are continuing our observations with 
the object of determining the influence 
of this action. 


APPENDIX. 


. BELGIAN STATE RAILWAYS. : 


PERMANENT WAY MATERIAL INSPECTION COMMITTEE. 


_ ‘Report ses cate Wot tea ee 
a Ce aa ea “RAILS. 
- Parehase approved eelee | Ot Renesas ae i Mee for the Sony Se Se ee 


¥ Date when ready at the works at Sa ae Feo Ne SNOT re Sey ee ee ‘SAL: s oe EP 


Bini on aieceiamiee wes 2 oe 2S ee oe SEs Cate Ste eerie ae 


_ Inspector responsible for the examination of material purchased : 


Inspector's signature A 


ox . ae % ie Approved : 


Inspector General, 
President of the Inspection Committee. 


= ES the present Bpecstrauens only one Pecleninary impact test per cast is laid down, because 
ae ab: be baie the oor specifiing a test above the top portions of all ingots was 


« = oS eS ee ee : 7 : ee 
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A. — Falling weight tests at the maker’s works. 


Fulling weight : 1 000 kgr. (2 200 lb.). — Distance between supports : 1.10 m. (3 ft, 7 5/16 m.). 


a Deflection after blow. 
g | # x Ge 
Q t= : rom a height 
els 2 ut of 6 m. (19 ft. 8 1/4 in.), 
q ui of 4m. 
et BUS Te a IO Ro Tetatilosy: | 2nd blow. 
ts 

4% | wiltim. | Inches. ie Inches. | Millim. | Inches. 

| 

11 5 31 52 123), | 100 |315/;, 
16 a 538 123/50] 99 [35% 
2 5 36 Hay Bo Sere 5 
3 bss 38 wee 
4 5 39 aaa ee ats ee 
Se rad Os 54/24, | 4105 | 4%Jzq 
6 5) 37 ee Be Fae ics 
7 4 39 aye 
8 5 44 ss'8 
9 5 43 on 
40 4 40 Ane Pai AnD “Os 
44 3 38 ay 24/4 107 4 413], 
12 b53 42 ALS ode ait ee 
413 5 44 ay fee 
44 5 38 Aa ss Bie ase 
15:5 [2 8t 55 |244/g4| 105 | 4%e4 
46 5 39 Oe wine aire ote 
47 5 36 ane aie Beis 
48 5 38 me fis Ban 
49 5 42 iat te sk 
20 5 38 ai xe AF, A 
21 | 5 | 36 52 [23/4 | 101 [33 q, 
22 5 40 Rod Sai oT é 
23 5 39 ie a ee 
24 5 Si or, oe Ae 
25 Sy 44 aR: saa6s on 
26 5 39 ae ms ao Kaa 
27° | 5 | 37 55 |24/.,) 405 | 49), 
28 | 5: | 40 See ale elas 
29 5 43 ies Bae ees 
30 5 39 ae =o a 
31 5 38 sie ah aoe 
32 5 37 Nike wen as iete 
Eh a ig 40 58 |2%oo | 109 | 4%ae 
33¢ { ae 59 | 22/6,| 109 | 4/a9 
34 5 388 sie es oe Lae 
35 5 41 ry Att me Sat 
36 5 42 58 | 2%, | 110 | 45 
37. | 5 | 38 ies bes gs eeepc 
38 5 40 ats °F 


Remarks. 


Cast number. 


Number of ingots. 


OU OT OT OT OT OT OT EA OTB OUST OT OT OT OT OT UOT OT OT OT OT OT OT OTT, STOTT OL OL OT OUT OT 


T signifies : Head of ingot. — C. signifies : Bottom portion of ingot. 


Deflection after blow. 


From 
a height 


From a height 


an el ms. 


of 6m. (19 ft. 8 Y/yin.). 


of 4m. Sea a) ee ee 
(13 ft. 1% ims) | 1st blow. 2nd blow.. 


Millim. 


Inches. | Millim 


53 


52 


: | Inches 


Millim. 


99 


101. 


AO 


102 


‘99 


Tnehes. 


] 
Sy 
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A. — Falling weight tests at the maker's works. (Continued.) 


Falling weight : 1000 kgr. (2 200 lb.). — Distance between supports : 1.10 m. (3 ft. 75/16 in.). 


3 Deflection after blow. 2 Deflection after blow. 
ee gy SaaS 
a 35 From a height a a 42 From a height 3 
: = aeleht “of 6 m. (19 ft. 81/4 1n.). F ates aheight ofdm.(19 ft. 8tin.). |e 

of 4m, SS ee I a eS ea ES 
g By (13 ft. 1 /s in.) Ist blow, 2nd blow. ee th 3 ast. ii in.) lst blow. | 2nd blow. eS 
8, SS ae aie eee Cowie e wr etne aoe Meera a Nee et 
z Millim, | Inches. | Millim. | Inches. | Millim. | Inches A Millim. | Inches. | Millim, | Inches. | Millim. | Inches. 
79 5 AQ | 4%/., 101T | 40 |A37/.,) 59 1274/64) 110 456 
80 | 5 | 40 [437 4o1e¢ ° } we [age | BT [Rte | 106 | 44%e4 
12 es is 36 | 427/,, 102 5 86 1412764 5 oe 
82 5 38 | 414/, “00 103 5 44 | 4 39/4 
83 5 Ca fi 2) 77 haa oa Soa 405 49 “ea 104 5 36 | 124/,, 
84 5 SOA Aah” con 105 5 39-1447 /50 
85 3) 44 |139/,, ede 106 5 3T | 1? %Je, 
86 i 40 | 12 "Je, ood 107 5 AQ A Sale Se 
87 5 42 4 Al o5 sae 108 5 3) 43/5 53 2 se 104 3a 
88 5 38 | 14/2 54 | 24/5 | 404 | 45/,, 109 5 42 | 12taoto os. noe 
89 5 36 | 427/o4 Sse4 440 5 AL 199/04 
90 5 39 | 447!, % 141 5 89° 447/05 
91 5 OF 129/04 ae Ae 5 AQias |S? ael eas 
92 5 35 4 43/, 52 1 22%64 |) 99 | 357] e4 113 5 388 | 44/5 Se my | Ho {07 4 ye 4 
93 5 88 | 14/9 aoe 4414 5 42 | 4174/oo] ... 
94 5 404-4 37)..5 dae 115-125 40 |437/, 
95 5 39 | 147 oo me 116 |=4 89 | 147/55 
96 5 Aq | 439/41 58 1 2%/g5 | 109) | 4° ‘Is2 147 4 44 | 13%J54 
97 5 42 | 1 AA/ao rae 
98 3 ob [Pe Be “ 
99 3 35 43, +. 566 ingots. 
400 4 38 | 14/2 4 
T signifies; Head of ingot. — C signifies: Bottom portion of ingot. 


B. — Falling weight tests at Malines Laboratory. 


Deflection after blow Deflection after blow 
from a height of 6 m. from a height of 6 m. 


(19 ft. 84/4 in.). (19 ft. 84/4 in.) 


Remarks. Cast number Remarks. 


Cast number. 


Ist blow. 2nd blow. Ist blow. 2nd blow. 
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D. — Tensile tests carried out at Malines Laboratory. 


neti tims Ultimate % . nha 
Elastic limit. tensile strength Elongation Reduction in area. 


er 
: a Final |o_, 

Siu total. ol ae SOON 

milli- diameter.| 8 


Cast number. 
Diameter 
of test piece, in 
millimetres, 
Cross area 
Remarks 


metres. 


3 
g 2 
aes 
aI 
= 
oA 
ae 
TO 
S & 
=| 
i= 
77) 


S E. — Bending tests carried out at the maker’s works and at Malines Laboratory. 


Permanent deflection after a load of 35 t. 
Applied for five minutes. 
Distance between supports 1m. 10 (5 ft. 7 5/16 in.). 


Cast 
number. 


At maker’s works. At Malines Laboratory. 


Deflection 
under load 


Deflection 
under load 


fl. p. = Permanent deflection. 


F, — Chemical analysis at Malines Laboratory. 


Cast number, C 9p | Mn °/o 


= ol Ue ae es 0.93 


| OL ae cate 0.98 
on a aa 0.95 


Cast 
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G. — Chemical analysis at maker’s works. 


Sep hot AB 
number. 
4 |0.047|0.060] 0.47 | 0. 
2  |0.050}0.065| 0.17 | 0. 
3 |0.052| 0.070] 0.44 | 0. 
4 | 0.047] 0.068} 0.48 |-0. 
5  |0.047| 0.065 | 0.44 | 0. 
6 | 0.045]0.069| 0.46 | 0. 
7  |0.045]0.072| 0.44 | 0. 
8 ~ |0.052}0.067| 0.45 | 0. 
9  |0.049] 0.062] 0.43 | 0. 
10 | 0.053] 0.069] 0.43 | 0. 
41. 10.054] 0.071} 0.44 | 0. 
12 | 0.042] 0.067] 0.43 | 0. 
13 10.050 0.060} 0.14 | 0.4: 
14 | 0.046] 0.060} 0.45 | 0. 
45 | 0.054] 0.063] 0.43 | 0. 
46 | 0.050] 0.064} 0.44 | 0. 
17  |0.048] 0.066] 0.44°| 0. 
18 | 0.05510.070| 0.44 | 0. 
19 | 0.048] 0.064] 0.45 | 0. 
20 |0.056| 0.062] 0.47] 0. 
24. |0.051] 0.060] 0.45 | 0. 
22 | 0.047] 0.062] 0.13 | 0. 
23. | 0.046] 0.059] 0.13 | 0. 
24 | 0.054] 0.067] 0.43 | 0.43 | 4.00 
25  |0.050|0.065| 0.44 | 0.46 | 0.90 
26  |0.05010.070] 0.15 | 0.46 | 0.85 
27 | 0.052] 0.068} 0.46 | 0.45 | 0.90 
28 | 0.048] 0.072] 0.44 | 0.43 | 0.95 
29 |0.045]0.064] 0.44 | 0.42 | 4.00 
30 | 0.0541 | 0.066] 0.15 | 0.45 | 0.90 
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number. 
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wo 
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G. — Chemical analysis at maker’s works. (Continued.) 


Cast 
number. 

61 0.014] 0.066} 0.44 | 0 46 | 0.85 0.049 | 0.064 | 0.44 | 0.46 | 0.90 
62 0.050 | 0.060} 0.18 | 0.44 | 0.95 94 0.053 | 0.070 | 0.15 | 0.45 | 0.95 

63 0.050 | 0.060 0.14 | 0.42 | 0.95 92 0.045} 0.063] 0.45 | 0.42 | 4.00 

64 0.055 | 0.066 | 0.15 | 0.46 | 0.90 93 0.049 | 0.068] 0.15 | 0.45 | 0.90 

65 0.054 | 0.069 | 0.45 | 0.44 | 0.90 94 0.047 | 0.060 | 0.14 | 0.44 | 4 00 

66 0.050 | 0.064} 0.16 0.43 0.95 95 0.045 | 0.062} 0.44 | 0.43 | 0.95 
67 0.046 | 0.070} 0.46 | 0 45 | 0.85 96 0.050 | 0.067} 0.44 | 0.45 | 0.85 

68 0.048 | 0.064] 0.415 | 0.42 | 0.95 97 0.047 | 0.059} 0.48 | 0.46 | 0.¢0 

69 0.054 0.067} 0.46 | 0.43 | 0.95 98 0.051 | 0.063} 0.13 | 0.43 | 4.00 

70 0.055 | 0.062 | 0.45 | 0.45 | 0.90 99 0.048 | 0.062} 0.15 | 0.41 | 1.00 

ve 0.058 | 0.060} 0.48 | 0.42 | 4.00 100 0.054 | 0.065} 0.15 | 0.45 | 0.95 
72 0.047 | 0.068 | 0.43 | 0.43 | 0.95 104 0.056 | 0.070] 0.44 | 0.46 | 0.85 

73 0.047 | 0.065] 0.15 | 0.45 | 0.90 102 0.054 | 0.062] 0.45 | 0.42 | 0.95 

74 0.053 | 0.060} 0.14 0.42 | 4.00 103 0.051 | 0.060] 0.415 |-0.44 | 0.95 

75 0.056 | 0.064) 0.46 | 0.45 | 0.90 104 0.05010.070) 0.44 | 0.44 | 4.00 
76 0 050} 0.068} 0 45 | 0.43 | 6.95 105 0.045 | 0.063-| 0.13 | 0.44 | 0.95 
17 0:050 | 0.060} 0.46 | 0.44 | 0.95 106 0.051 | 0.064 | 0.14 | 0.46 | 0.90 | 

78 0.048 | 0.067} 0.16 | 0.46 | 0.85 107 0.050 | 0.069] 0.15 | 0.46 | 0.85 

79 0.053 | 0.070] 0.45 | 0.43 | 0.90 108 0.046 | 0.067] 0.16 | 0.45 | 0.95 
0.054 | 0 064] 0.17 | 0.46 | 0.90 109 0.054 | 0.063] 0.15 | 0.43 | 0.95 

0.046 | 0.062] 0.15 | 0.43 | 0 95 110 0.054 | 0.068} 0.46 | 0.45 | 0.90 

0.056} 0.070} 0.44 | 0.46 | 0.90 144 0.055 | 0.066 | 0.44 | 0.42 | 0.95 

0.051 | 0.065] 0.14 | 0 45 | 0.90 112 0.047 | 0.060} 0.13 | 0.43 | 1.00 

0.048 | 0.060] 0.13 | 0.45 | 0.95 113 0.045 | 0.060) 0.414 | 0.46 | 0.85 

0.053 | 0.058} 0.44 | 0.45 | 0.95 114 0.048 | 0.062 | 0.45 | 0.44 | 0.95 

0.046.| 0.064] 0.16 | 0.43 | 0.95 115 0.050 | 0.068 | 0.44 | 0.46 | 0.90 

0.054 | 0.067] 0.44 | 0.46 | 0.85 4146 © | 0.055 | 0.071} 0.46 | 0.42 | 0.95 

0.050 | 0.062 | 0.13 | 0.44 | 1.00 447 0.053 | 0.068 | 0.15 | 0.44 | 0.90 

0.056 | 0.070} 0.44 | 0.44 | 0.90 
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H. — Impact tests at makers’s works. 


aro eg ara 
Number Portion from Marks | Section tecca eee oF Bieten 
of which test pieces | on test | exposed falling eee Remarks. 
test. were taken. pieces. | to shock. | ,Weight sub eo Leake ite 
| Head . 8 x 410 437 2.546 3.18 These tests were 
iT ) Web 8 X 10 136 2.736 8.40. ole e Gnernsavkeaen 
Foot 8 x 10 139 2.176 Role falling weight. 
Head 8 xX 10 4140 1.996 2.48 
4C | ‘Web 8 xX 10 144 1.820. 2.27 
Foot 8 X 40 139 2.176 Dale 
( Head 8 x 10 138 2.304 2.95) 
Dak Web SS10 138 2.359 2.95 
l Foot 8x10 | 439 | 2.476 | 2.72 
El agi dlite so si etekaaks &x 10 435 2.930 3.69 
44T | Webs Paki tay 85<-10 135 2.930 3.69 
Foot 8 x 10 136 2.736 3.42 
Head . 8 x 10 137 2.546 3.48 
45 T } Web 8 x 10 136 2.736 3.42 
Foot 8 X 410 138 2.359 2.95 
Head . 8 x 10 140 1.996 2.48 
Zier Web 8 x 10 138 2.309 2.95 
Foot 8 x 10 138 2.359 2.95 
Head . 8 x 10 137 2.546 3.418 
lees | Web 8 x 40 138 2.359 2:95 
Foot 8 x 10 136 2.736 3.42 
Head 8 x 410 438 2.359 2.95 
33 T } Web 8 x 10 135 2.930 3.69 
Foot 8 x 10 128 4.379 5.47 Bent without 
‘ breaking. 
Head . 8 x 10 437 2.546 3.48 
33 C Web 8 x 10 136 2.736 3.42 
Foot 8 xX 410 137 2.546 3.18 
Head 8 x 10 135 2.930 3.69 
36 T Web 8 x 10 135 2.930 3.69 
Foot 8 x 10 136 2.736 3.42 
Head . 8 x 10 139 2.176 2.72 
AT Web . 8 x 10 137 2 516 3.48 
Foot 8 x 10 140 1.996 2.48 
Head . 8 X 10 140 1.996 2.48 
47T Web 8 x 10 137 2.546 3.18 
Foot 8 x 10 137 2.546 3.18 
Head . 8 x 10 134 3.127 3.94 
52T Web 8 x 10 136 2.736 3.42 
, Foot 8 x 40 136 2.736 8.42 
( Head 8 x 10 140 1.996 2.48 
.56T Web 8 x 10 144 4.820 ene 
) Foot sx10 | 142 1.647 | 2.06 


which test pieces 
pieces. | to shock. 
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J. — Macrographs. J. — Macrographs. (Continued.) 
RESULTS ~ RESULTS 
Cast number. Cast number. 
OBTAINED, : OBTAINED. 
|S SS eS 
pyle eer a 
B Pogsa i tebrds sunt ; , No trace 
of segregation. 
zie Lo Ge re gar ts 
phone aaa Additional 
a ie a et a “Sections. 
DATs ese Saas 38TSthingot .. . 
Smuce feds oye ee 148T dstingot.. . 
50 Da, a re 31T 3d ingot . 
4A Te ene 44T 4th ingot. ~. 
RAR: No trace 
7A iets Seen oh A 60T Sth ingot. . . of segregation. 
52, tees No trace 16T 5th ingot. 
of segregation. 
Go EL ie ee bet Se 98 T 3d ingot -. . 
Gy WOE Ree ere, © 1417T 4th ingot... 
BO. ligt shone ate t 
GRE Me es K. — Micrographs. 
WOT ae Peseta cee 
: RESULTS 
OS Tea so sete Cast number. ew 
S3"Dieerd asp aae ie 
shell Been bint eat Ae 
ail Ui a ERE 7 
96 Do amesiee tesa 
| 


L. — Average weight per metre of rail, 
calculated by weighing fifty rails of 18 m.5(59 ft. 44/16 in.) length. 


50.014 kgr. (410.253 lb. per yard). 
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I. — Impression of Brinell ball 10 mm. (3/8 inch) diameter under a pressure 
of 3 000 kgr. (6 600 Ib.). 


Number 
of 
| test. 


CLASSIFICATION BY LENGTH 


Corresponding 
Impression, Brinell Remarks. 
number. 

4.30 mm, (0.1692 inch). 197 
400 -—— (0.4575 — ). 229 
4.00 — (0.1575 — ). 229 
3.90 — (0.1535 — ). 244 
4.05 — (0.4593 — ). 223 
4.40 — (0.1732 — ). 187 
4.15 — (0.16382 — ). 242 
4.00 — (0.1575 — ).. 229 
4.10 — (0.4644 — ). 247 
MAG = (04639 —y; 242 

M. -— Description of rails submitted for acceptance. 


AND 


ARRANGEMENT oF BOLT Hotes. | Olered. | Accepted.) Rejected. 


tf 


| 


Quantities. 


Total length,} Price Partial 
; ‘ Remarks. 
in metres, | per rail. sums. 


——— EE a aaa 


48 m. (59 ft. 14/46 in.) 
, rails drilled at both 


rails drilled at both 
ends and at centre. . 


xXIi—7 


ends and at centre. .| 1 142 44142 fe 20 556.00 m, 
| 17.88 m. (58 ft. 15/46 in.) 


143.04 m, 


20 699.04 m. 
at 50.044 kgr. 
1 035.180. t. 
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N. — Record of the number of rails of various lengths from each cast. 


NUMBER OF RAILS: 


"J08Ur JO 
dol 


“JoRT1 JO 
wonog 


IW<88sm* 


"10FUI Jo 
doy, 


408u1 jo 
M10}40¢| 


18.000 m 


*yo3ut yo 
doy, 


“‘qoSut j}o 
UL0}}04 


17.88 m. 


"yOBUT JO 
doy, 


"JoRUT jo 
WO} 0 


18.000 m, 


*JOHUL JO 
doy 


“4OBUl Jo 
ulo}j0g 


17.88 m. 


"q03ur jo 
doy, 


“yoRUI so 
moog 


18.000 m. 


“yosul yo 
doy, 


“JOSUI jo 
wo0}}0g 


17.88 m. 


"OSU Jo 
do, 


"youl Jo 
moO g 


18.000 m. 


Cast 
number. 


SS BS ES 


CO SE et ik P= CO) A OS NO ett = OD HS) OO NGO) Si IOs t= 


{2 
13 
14 
15 
16 

7 
18 
19 


991 


N. — Record of the number of rails of various lengths from each cast. (Continued.) 


17.88 m. 


18.000 m. 


17.88 m 


18.000 m 


NUMBER OF RAILS : 


17.88'm 


18.000 m 


17.88 m. 


18.000 m 


Cast 


“yoSUI Jo 
doy, 


"10ST Jo 
ulo}iOg 


“1ORUT JO 
doy 


"yo3UI Jo 
moog 


“jo3ul Jo 
doy, 


“qoRTL JO 
1103109] 


*}OSUL JO 
doy 


*JosuL JO 
010}10q 


“jo8at jo 
doy 


oSut Jo 
wW0}}09 


*4oRUr JO 
doy, 


“1OBUL JO 
T0104 


‘qo8ut jo 
doy 


“qo3ut Jo 


~ moog 


“yoRut jo 
Peydor, 


08al Jo 
M10}105} 


number 


= 


SE intemal 
C1 18 OH OR HR HH IO, D od HH OH OH OOD ID OH OI Nn & 10 


Mr 10 Hs xt +H IR 1D HH HOOD 1D 1 28 OD HD IDO. AH EH WN OH 19 O&O DO OO GT Id MH 
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N. — Record of the number of rails of various lengths from each cast. (Continued.) 


NUMBER OF RAILS : 


"yoRUr jo 
doy, 


“4OBUI Jo 
wo}0g 


17.88 m. 


‘youl jo 
doy 


‘4oRUr JO 
Woy}04 


18.000 m. 


*4O3UI JO 
doy 


“yoHUL Jo 
w10}}0g, 


17.88 m. 


“40RUI JO 
dor, 


"402M Jo 
Wop}Ogd 


18.000 m. 


*103UL JO 
doy 


“yoRuy Jo 
09} 0| 


17.88 m. 


"10ST JO 
doy 


“jou Jo 
m0) 04g 


18.000 m 


*josut jo 
do. 


*JORUL JO 
W107} 0¢f 


17.88 m. 


“40 H8Ul JO 
doy 


“yoSul Jo 
wo}0gT 


18.000 in 


Cast 
| number, 


SN  ———OOSOOO Oo Ce SS Reae tae = 
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N. — Record of the number of rails of various lengths from each cast. 


NUMBER OF RAILS - 


“QO8UI JO 
doy, 


"4OSUl Jo 
woy}0g 


*yo3al jo 
doy, 


“yoRul JO 
W0}}0¢,, 


“40ST jo 


18.000 m. 


doy 


“OBL JO 
wo}0g 


17.88 m. 


*JOHRUL JO 
doy, 


*JOSUT Jo 
ul0)}0g 


18.000 m. 


*j08ur jo 
do, 


*4O3UI Jo 
monog 


17.88 m. 


"Jour jo 
doy, 


“YOSUL JO 
m10}10g 


18.000 m. 


“ORT JO 
doy, 


“4OSUI Jo 
W109}0¢T 


17.88 m. 


“yoSut jo 
doL 


"408UI Jo 
WO}OT 


18.000 m: 


Cast 
Number. 
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Note on the new French railway specifications for steel rails, 
By L. CAMBOURNAC, ‘ 


CHIEF ENGINEER FOR BRIDGES, PERMANENT WAY AND BUILDINGS, 
FRENCH NORTHERN RAILWAY. 


Figs. 1 to 3, pp. 1003 and 1W)4, 


(Revue Genérale des Chemins de fer.) 


Before the war, the principal French 
railways had put in hand the prepara- 
tion of a Standard Specification to which 
steel rails would be obtained. 

This unification had become necessary 
in consequence of the types of rails hav- 
ing been standardised (1) and its pre- 
paration, interrupted by the war, was 
continued as soon as circumstances per- 
mitted, 

The work ended with the publication 
of the new Specification which was offi- 
cially adopted as from July 1923. As a 
matter of fact most of the principal Com- 
panies had forestalled its publication by 
including in their post-war contracts the 
principal requirements of the new Spe- 
cification, so that whilst admitting that 
it is too early to form any final judgment 
on it, the results obtained have been 
such as to allow it to be said that the 
new Specification is an improvement 
upon those in use before the war by tke 
different French Companies, and to bring 
also out those points which require 
improvement in any future issue. For 
these reasons we think that the new Spe- 
cification, the complete text of which 
is given at the ehd of this note, should 
be brought to the attention of Railway 
engineers. It should be added that be- 


(1) See in the November, 1920 number of the 
Reoue Générale des Chemins de fer, article hy 
M. Froebé, principal engineer for buildings, etc., 
of the French State Railways. 


fore the Specification was finally print- 
ed, the draft was submitted to the French 
Steel Makers manufacturing rails. and 
that their suggestions were ‘to a large 
extent given effect to. 

It can therefore be said that under 
present conditions in the French steel 
trade, the Specification lays down the 
conditions the Railway Companies con- 
sider the rails should meet in order to 
give the best results in service. ; 

We give ‘below a concise commentary 
on the principal requirements of the 
Standard Specification. 


ANALYSIS 
OF THE SPECIFICATION. 


ARTICLE. 1. 
General Requirements. 


Paragraph 2 allows the rails to be made 
from three classes of steel classified in 
accordance with the tensile tests. The 
three kinds correspond to minimum re- 
sistances of 65, 70 and 80 kgr. per square 
millimetre (41.3, 44.4, and 50.8 English 
tons per square inch). 

The Midi Company before the war 
ordered rails of 80 kgr. tensile which 
other Companies used for points and 
crossings, etc., although using for ordin- 
ary purposes rails of from 65 to 70 kgr. 
tensile. = 


7 


From the information available there 
appeared a priori no good reason for 
excluding one of the grades then in gen- 
eral use, and it seemed preferable to 
continue to- use generally the three qua- 
lities of 65, 70 and 80 kgr. tensile. A more 
thorough investigation may at some fu- 
ture date allow a better choice to be 
made from them. 

Paragraph 3b, allowed the railways 1o 
require or ito exclude certain methods of 
manufacture of the steel. There is far 
from unanimity of opinion as to the rela- 
tive value of the different methods of 
manufacture so far as they affect brit- 
tleness and resistance to wear. It seem- 
ed advisable therefore to make such ar- 
rangements that would allow the use of 
rails made by different processes for 
comparative purposes. 

We would add that in spite of the res- 
trictions introduced at the request of the 
steel makers with regard to the 80 kgr. 
tensile quality (last paragraph) several 
makers of steel by the Thomas process 
have supplied rails of this quality. We 
shall deal with this later. 


ARTICLE 2. 
Method of manufacture. 


Paragraph 1: Method of manufacture 
of the steel, — The development of steel 
for rail making is essentially a matter for 
the metallurgist, and it is advisable to 
leave to the steel maker the greatest 
liberty the railway engineer can .compa- 


. tible with safety. 


The railway engineer alone can know 
how rails behave in service: it is his 
business to investigate breakages and rail 
wear, fo consider them in conjunction 
with the method of manufacture, and to 
call the attention of the metallurgist to 
the effect of any particular method of 
manufacture on the quality of the rails. 

Improvement in ithe quality .of rails 
can only be made if there is enlightened 
and frank collaboration between ithe me- 


_ tallurgist and the railway engineer. It 


presupposes firstly as full data as pos- 
sible on the circumstances in which the 
rails were made, as well as on the con- 
ditions under which the rails were used. 
For these reasons article 2, paragraph 1, 
of the new Specification, lays down that 
the metallurgist shall advise the railway 
Company of the more important details 
of the method of manufacture of the steel 
for the rails, and especially give parti- 
culars of any additions made during and 
after refining to bring the metal to its 
final composition. 

In the present state of knowledge it 
has not seemed possible to definitely re- 
fuse to allow any particular process to 
be used. Research is being made into 
two much discussed practices, to wit, 
recarburation, total or ‘partial, by means 
of anthracite, and the addition of alu- 
minium in the ingot chargers. 


Paragraph 2: Regularity of chemical 
composition. — Paragraph 2 was drawn 
up in order that full data may be collect- 
ed, and also to ensure regular and con- 
sistent manufacture, the regularity of 
composition being in itself a sign of good 
quality metal. Unlike most Specifica- 
tions formerly in use, the new text lays 
down no limits of the content. of certain 
metalloids (phosphorus, sulphur, manga- 
nese), excess of which, as is known, 
makes the metal brittle. 

It should be stated however that the 
limit in question is rather a delicate mat- 
ter, as a high content does not constitute 
an invariable criterion. A phosphorus 
content which should not be accepted in 
the case of one mixture of carbon silicon 
and manganese, could be accepted for 
another. There is therefore a risk of 
being either too difficult and thereby 
refusing to accept rails that would give 
good service, or of being not difficult 
enough and thereby accepting rails of 
doubtful quality. 

Furthermore, the drop test, which is 
dealt with later, appeared to reveal any 
brittleness due to the chemical compo- 


_ marked by 
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sition of the metal more surely than the 
chemical analyses, which in spite of the 
care with which he eee 

The chemical 
ae hil haves tee taken to ob- 


es oso of he tea aad he da tetsts 


esd an a as manufacture pro- 


as to the chemical com- 


the minimum discard and appears there- 
by to lay down a limit to the improve- 
ment the metallurgist can make in his 
manufacturing methods. It should be 
said that the minimum of 12 % laid 


4 
2. jin ae See 


down is notably less than the discard 


actually made in French steel works, 
18 % being the usual allowance < so that 


sodas any necessity for limit. the bloom after rolling shall fulfil the 
nter shee oleate Ha requirements and be passed >, — A mar-— 
‘; 7 sat ee gin be improvement, which iat ee 
Pte ra ; sting nd ating, — ee ible, is consequently ° 
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~ onids ae 3 reason. Usually in the 
< i rolled bar next to the unfinished end the 
as vere te, relatively good, up to even 8 % 
: "of the length of the bar This piece is 


- followed by a part piped and shewing 
segregation: (aes extends to 15 % of the 
engi of the bar, and even more. [ff 
*ahe- ‘minimum discard were not laid 


the th re part. of the bar. 


fe a 3 : ee The drop tests are thereby made on 
It is _ test pieces that in almost every case con~ 
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chest apes 


further, either with a view to revealing 
the internal or invisible changes in the 
bar, or to define the method of straigh- 
tening the bar or even to disallow cer- 
tain methods or machines. 

The other paragraphs of article 2, 
some of which are very different from 
the clauses of previous Specifications, 
do not call for any particular remark. 
For information, however, we may point 
out that the density of 7.840 of the steel 
given in paragraph II was obtained from 
the mean of many tests made at the same 
time by several of the Railways. 


ARTICLE 3. 
Material offered for inspection. 


-One of the principal innovations of 


the specification is that a drop test~is 
required from each ingot and not from 
any given number or tonnage of rails 
from several casts or even from each 
cast. Im view of the large number of 
discards to be kept for the tests, it is 
essential if errors are to be avoided that 
the marking and grouping of the rails 
and discards be done most methodically. 

Article 3 has been prepared with this 
object, and furthermore makes the ma- 
nagement ‘of the works responsible for 
seeing that material for test is properly 
prepared. 

The works as well as the railways have 
every reason for avoiding every inac- 
curacy or doubt in these operations. 
With this object in view some of them 
have installed mechanical devices for 
stamping the rails whilst hot as they 
leave the rolling mill. It is to be hoped 


that this arrangement will be extended. 


It is quite possible that later on the spe- 
cification may make it obligatory. 

The last phrase in paragraph 1, put in 
at the request of the steel makers, has 
rarely been taken advantage of, most of 
the works having sufficient room to 
store, whilst waiting for the Railway 
Company’s inspector, the discards from 
several days’ output. 


ARTICLE 4, 
Exterior inspection. 


Paragraph 1: Examination of the sur- 
face of the rails. — The Specification 
states briefly the most characteristic sur- 
face defects the Railway Company’s in- 
spector looks for during inspection. 
Some of these defects are not easily ob- 
served, as, for example, cracks due to 
piping or segregation in the end section 
of the rails; and the very fine longitu- 
dinal cracks in the flange caused some- 
times by straightening the rails cold by 
rolling. 

The railway inspectors should have at 
their disposal ‘better equipment for car- 
rying out their investigations than they 
have at present, and, with this object in 
view, research work is being carried out. 

The other paragraphs of this clause 
call for no particular comment. 

The tolerances on dimensions meet the 
requirements of the railways and are 
easily met by the makers. 


ARTICLE 5. 
Particulars of tests to be made 
before acceptance. 


The only tests imposed ‘by the Speci- 
fication with a view to eliminating de- 
fective material are the drop and ten- 
sile tests. 

The drop test is made with a tup of 
300 kgr. (660 1b.) and a rigid anvil of 
10000 kgr. (22000 Ib.). The tensile 
test is carried out in accordance with 
the method given in the Recueil des Mé- 
thodes d’essais mécaniques usuelles uni- 
fiées. 

We have already stated above that the 
chemical analysis is asked for only for 
information, and, unlike certain foreign 
specifications, the material cannot be 
rejected because of it. 

The Specification also includes for in- 
formation only a Brinell hardness test. 

Article 7, paragraph 2 shews how the 
inspector when passing material is guid- 
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ed by these tests which are such as to 
satisfy anyone as to uniformity of ma- 
nufacture. 

Although segregation and the. defects 
that go with it, blow holes, non-metallic 
inclusions, etc., are considered by rail- 
way engineers as the causes of ultimate 
failure and defects in rails in service, 
the present Specification includes no 
test to reveal segregation. In the present 
state of our knowledge, macrographs 
give interesting information, but only 
qualitatively. They reveal the presence 
of segregation, sometimes even the 
cracks in the part segregated, but do not 
give any idea as to the extent that such 
segregation makes the metal brittle. The 
same can also be said we think of the 
quantitative chemical analyses, which 
are difficult to make, required by some 
foreign specifications. Properly speak- 
ing, it is not the segregation that has to 
be proscribed and therefore ascertained 
and even measured, but the brittleness 
due to excessive segregation. It is in 
order to be warned against this brittle- 
ness that the drop test on a piece of rail 
with a milled notch, the second and 
principal innovation of the present Spe- 
cification, was introduced. We will now 
consider this. 


ARTICLE 6. 
Test pieces. 


Whereas in tthe case of the tensile test 
only one test piece per cast is specified, 
in the case of the drop test a test piece 
per ingot is required (article 6, para- 
graph 1). 

Further, this drop test is now made on 
a notched piece of rail, whereas formerly 
it was made on a bar of full section (ar- 
ticle 6, paragraph 2). In other words, 
if the authors of the Specification did 
not feel obliged to take greater care to 
prevent softer rails than those ordered 
being offered, they have thought it de- 
sirable to increase and perfect the drop 
tests as these should reveal any brittle- 


ness of the metal, which affects directly 
the safety of railway working. 

When in the road the rails carry the 
traffic without assistance, the failure of 
any one of them possibly causing an 
accident. As in the case of certain parts 
of metal frames, or parts of machines, 
carrying the load unassisted, it was 
thought the rails should be tested one 
by one. 

Such tests would be difficult to carry 
out, and further seemed hardly necessary 
if the tests could be made with short 
lengths of bars, provided there was some 
certainty that these were likely to have 
the same defective structure or compo- 
sition as the rails to be inspected. The 
result desired is obtained firstly by stat- 
ing the minimum top discard allowed 
(article 2, paragraph 5) mentioned above, 
and secondly by making a test from the 
top of each ingot. 

For these reasons a test per cast ap- 
peared to be insufficient. Different in- 
gots from the same cast cannot be sup- 
posed to be identical. The temperature 
of pouring and the way the ingot is cool- 
ed differ and, as is well known, directly 
affect the segregation. There is still 
greater difference if additions, and espe- 
cially of aluminium, are made to the 
moulds. 

A drop test has therefore to be taken 
from each ingot. Further, the short 
length tested by the drop test is notched 
at its centre across the head, as shewn in 
paragraph 2. The section which carries 
the maximum load under the drop is 
therefore the weakest of the test piece. 
In addition, in this section the fibres 
which take the greatest breaking strain, 
instead of being on the outside of the 
rail where the metal is always most ho- 
mogeneous and toughest, are in the 
middle, of the section, where all defects 
due to bad metal, insufficient discard, 
segregation, blow holes, presence of non- 
metallic inclusion, etc., are to be found. 

The drop test on a notched rail should 
therefore reveal, not only the brittleness 
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of metal due to its chemical composi- 
tion as would a length of full section, 
but also bring to light the internal he- 
terogeneity of the metal — one of the 
main causes of defective and broken 
rails in service. 

The drop test per ingot, and the drop 
test on a notched length of rail, are the 
really new features in the standard Spe- 
cification, and it is only reasonable to 
mention their author (1) — Mr. Ch. Fre- 
mont — whose valuable studies of the 
causes.and symptoms of defects in rails 
have been of great assistance to the au- 
thors of the Specification. 


ARTICLE 7. 
Results required to be given by tests. 


The height of drop specified in para- 
graph 1 for rails of 65 kgr. (41.3 English 


’ tons per square inch) tensile ‘and the 


other conditions laid-down for the drop 


test (weight of tup, distance apart of 


supports, length of test piece, depth of 
milled notch) have been determined 
from the results of many tests made by 
the Railways at various steel: works, and 
in particular by the Eastern Railway at 
the Usines de la Providence ‘at Rehon 
(Meurthe-et-Moselle). 

The drop test carried out in this way 
is distinctly more severe than those re- 
quired by former Specifications. 

‘We have had many opportunities of 
proving that this test definitely. reveals 
any want of homogeneity in the metal. 


If a number of test bars are cut out of 


a section of rail adjacent one to the other, 


‘and are tested for resilience, we found 
that we could not get a satisfactory drop 


test from a notched length of rail if any 
of these bars did not give the normal 
resilience. 

Obviously the actual conditions under 

(*) 39th Paper : New methods of testing rails, 
Causes of undue wear of 
rails, 1924. — 61st Paper: Causes of accidental 
breakages of rails. 1922. — 69th : Wear and defects 
in rails, 1924, 


which ‘the drop tests are made are not 
such that they are inevitably final. Any 
or many of them may be easily altered 
if, after a lengthy use of the Specifica- 
tion, it is found necessary to do so. 

It will be noted that the drop test for 
the 70-and 80 ker. (44.4 and 50.8 English 
tons per square inch) tensile trails is 
rather easier, the height of drop of the 
tup being less than in the case of the 
65 kgr. (41.3 English tons per square 
inch) rail. At first view this seems 
logical as resistance to shock -diminishes 
as the tensile increases in the case of 
carbon steels. On the other hand, how- 
ever, the rails, regardless of quality, 
have to carry the same loads and should 
therefore undergo the same drop test. 

Tests have been made on rails made 
by the Bessemer, and Martin, and also 
by the Thomas processes, and have 
shewn that it would be quite possible 
even in the case -of the hardest quality 
(80 kgr. tensile) to specify the same 
drop as in.the case of the softest 
(65 kgr.). 

It is therefore probable that later on 
the Specification will require the same 
drop for all qualities of steel. 

In order to reduce the number of ae 
tests, and at the request of the steel ma- 
kers, paragraph 1 allowed the test per 
ingot to be waived if each ingot of five 
successive casts had given satisfactory 
drop tests. So far the railways have 
taken advantage of this clause in rare 
cases only, as it cuts across the principle 
of a test from each ingot, the reasons 
for which have been given above, an 
alteration which only a long experience 
of the Specification could shew to he 
justified. 

. The number of tests could be reduced 
by not testing the last ingots from a cast, 
and rejecting the whole cast if the first 
ingots, up to say, two-thirds of the total, 
did not come up to the drop test. This 
stipulation does not appear in the pre- 
sent Specification but a clause of this 
kind might be added later on. 
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' The tensile test, paragraph 2, does not 
require any particular notice. It should 
be noted, however, that the test piece is 
always taken from the bottom discard 
instead of as selected by the inspector 
under some specifications. 

The possibility of such selection, some- 
times from the top and sometimes from 
the bottom, interfered with tthe regular- 
ity of manufacture in the opinion of the 
metallurgists, and it did not seem neces- 
sary to retain it. 

The tension test, athough far from per- 
fect, involves much preparatory work, 
and itis very desirable, as technical 
knowledge advances, that some simpler 
and quicker test to differentiate the qua- 
lity of steel be found to take its place. 


ARTICLE 8 
Stamping of the rails. 


The stamping of the rail does not 
include any mark to indicate the Rail- 
way that gave the order. The same 
rolls can therefore be used for rails for 
several railways without alteration. This 
is one of the advantages that has result- 
ed from the standardisation of sections 
and from the standard Specification for 
rails. 


ARTICLE 9. 


Guarantees. 
Makers’ responsibility. 


The present Specification introduces 
nothing new with regard to the principle 
and extent of the makers’ responsibility. 
Common right governs the two parties. 

Defective or broken rails should he 
replaced, not in kind, but by their value 
during the guarantee period which has 
been fixed at 10 years. 


= Peer 


SUMMARY AND CONCLUSIONS. _ 


The short analysis we have just made 
shews the care taken by the authors of 
the Specification to eliminate from the 
text all phrases and requirements not 
absolutely necessary, and thereby to re- 
tain as eliminating tests two simple and 
easily interpreted tests, the drop and 
tensile tests. 


They have preferred to increase the 
number of drop tests so that there should 
be one per ingot, and to perfect the 
method of carrying it out by substituting 
for a complete section a notched section. 


Whether any of the tests given up will 
have ‘to be re-introduced, or any of the 
tests retained modified, can only be 
known after the Specification has been . 
in use some considerable time, 


The points wherein’ improvement 
might be looked for have been stated. 


It is for the railway engineers to 
follow up the question of improving the 
Specification, ‘as they alone know how 
the rails behave in that great experi- 
mental laboratory — the French railway 
system. 


By orderly examination of breakages 
and defects found during the first years 
the Specification is in use, analysing 
them, and considering them in conjunc- 
tion with the conditions of manufacture 
and inspection, progress can be made. 
The attention of the engineers whose 
duty it is to see that the track can safely 
carry the always increasingly heavy and 
fast traffic cannot be too insistently cal- 
led to the importance of this investiga- 
tion. 


—_— 
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SPECIFICATION > 
FOR STEEL RAILS 


Arr. 14. — G_neral arrangements. 

Paragraph 1: Object of the Specification. 
— The present Specification defines the condi- 
tions under which all types of -rail will he 
inspected, 

Paragraph 2: Classes of steel, — The classi- 
fication of the steel by grade is based on the 
tensile test as given in article 7, paragraph 2. 


According to this classification the grade is - 


described by the minimum tensile resistance 
which is taken as the principal characteristic 


of the steel. 


There are three grades, those of 65, 70 and 
80 ker, (41.3, 44.4 and 50.8 English tons per 
square inch). 

Paragraph 3: Wording of orders, — 
a) After stating the types, lengths, number or 
tonnage of each type with the lengths, the 
order shall state : 

1) The specification to be followed, giving 
its number and date of issue; 

2) The minimum resistance laid down for 
the steel (65 kgr., 70 kgr,, or 80 kgr.) (article J, 
paragraph 2) ; 

3) The longitudinal tolerances admitted in 
the spacing of holes other than for fish plate 
bolts {article 4, paragraph 2d) ; 

4) The depth P of the milled notch for rails 
other than standard and rails actually in use 
on the principal French Companies (article 6, 
paragraph 2). 

'b) The order can require or exclude certain 
processes of steel manufacture — Thomas, Mar- 
tin, Bessemer, or other — it being understood 
that for steel of 80 kgr. grade (50.8. English 
tons per square inch) the Thomas process can 
not be stipulated. 


Ant. 2, — Method of manufacture. 


Paragraph 1: The method of manufacture 
of the steel (Thomas, Bessemer, Martin, or 


other) shall be stated on the order. 


The maker shall advise the Railway Com- 
pany as to the principal features of the method 
he will follow in applying the said process. 


He will in particular state the additions mace 


during and after refining to bring the metal 
to its final composition. The supplier shall 
not alter his method of manufacture without 
notifying the Railway Company’s inspector. 

Paragraph 2: Regularity of chemical com- 
position. — The metal used for making the 
rails shall be of the same chemical compo- 
sition. 

The works shall give the inspector all infor- 
mation necessary to satisfy him on this point. 
For this reason each cast shall be analysed in 
the maker’s laboratory, the analyses being en- 
tered in a register which the Inspector shall 
see when he wishes to do so. The quantities 
of carbon, manganese and phosphorus shall he 
given in each analysis of each cast. 

When the Railway Company requires it, the 
maker shall carry out in his laboratory by 
the most precise methods known, a complete 
analysis of the casts indicated, giving the 
carbon, manganese, silicon, sulphur and phos- 
phorus content. Not more than one analysis 
per 100 tons of rails shall be made. 


Paragraph 3: Casting and rolling. — Under 
no circumstances shall the ingot be of a sec- 
tion of less than 20 times that of the rolled 
rail; it must not be laid down before com- 
plete solidification. The rails shall be rolled 
smooth ‘and free from defects. 

The final rolling temperature to be as low 
as possible. 


Paragraph 4: Profile, The profile of the 
rails shall be as shewn on the drawings or 
stamped gauges sent to the works by the Rail- 
way Company. (See « Tolerances », article 4, 
paragraph 2¢.) 

Paragraph 5 : Discards. — The discard from 
the top end of the ingot shall be such that the 
bloom or rail bar after cropping shall meet 
the requirements; the discard shall be such 
that a length of 700 mm. (2 ft. 3 1/2 in.) can 
be taken from it for the drop test bar (ar- 
ticle 7, paragraph 1). 

The weight of the discards must not be less 
than 12 % of that of the ingot. 

At the other end of the bloom the discard 


shall be long enough to allow of a piece of 


300 mm, (11 13/16 inches) being cut out of 
it for the tensile test (article 7, paragraph 2). 
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Paragraph 6: Hot straightening, — The 
rails shall be allowed to cool off in such 
manner that the deformations due to cooling 
tend to straighten them. When cooling they 
are to be sheltered from rain, snow and any 
contact with water until cooled down to the 
temperature of the surrounding atmosphere. 


i 


Paragraph 7: Cold strwightening, — The 
rails shall be straightened by gradual pressure 
without shock in order to avoid any damage 
to the metal. 


Paragraph 8: Cutting to length, — The 
rail shall be cut to length cold by milling or 
any other method giving the same result. The 
burrs shall be removed by filing, they shall 
not be removed by chipping. The ends shall 
be true and square with the axes of the rail. 
(See « Tolerances », article 4, paragraph 2c.) 

Paragraph 9: Drilling. — The rails shall 
be drilled through the web, with round or oval 
holes as shewn on the drawing. (See « Toler- 
ances >, article 4, paragraph 2d.) 

The holes shall be drilled by tools to give 
- smooth holes, without heating the metal. so 
as to damage it. The burrs shall be removed 
by filing or milling. 

Paragraph 10: Repair, — No attempt to 
cover up or hide defects must be made when 
the rails are either hot or cold. 


Paragraph 11: Weight of the rails. — The 
normal .weight allowed per metre for each pro- 
file is calculated on a specific gravity of 7.840. 

For each lot manufactured the weight of 
rails delivered is arrived at by multiplying 
the length of the rails by the mean weight per 
metre ascertained by weighing twenty long 
bars selected equally by the works and the 
inspector. The weight thus ascertained shall 
not vary by more than 2 % from the normal 
weight — if below thus, the rails will not he 
passed; if above, the excess weight will not 
be paid for. 

Subject to this reserve, the rails of each de- 
livery shall be paid for on the weight cal- 
culated as above. If the whole of the rails 
delivered exceed the normal weight by more 
than 1 %, the excess shall not be paid for. 

Paragraph 12: Inspection. — The inspector 
shall be at liberty to follow the manufacture 


at all times, to see all tests and analyses male 
by the works in connection with the casts in 
which he is interested, or to ascertain the re- 
sults, and to take all steps necessary to ensure 
that all the requirements of the specification 
are met during manufacture. 

The inspector shall address any remarks he 
has to make to the manager of the works and 
not to the foreman or men. 


Ant. 3. — Presentation of material. 


Paragraph 1: Stacking of rails, — The 
rails shall be offered for inspection as far as 
possible by casts. The top and bottom dis- 
cards of the ingots shall be grouped by casts, 
the numbers of the casts and of the ingots 
being readily seen. 

The groups shall be left until the inspector 
has. selected the bars to be tested. 

If the selection is not made within 24 hours 
after the cast has been rolled, the works can, 
if they find it necessary, remove them after 
having first selected the necessary test bars. 


Paragraph 2: Advice note, — The advice 
note shall be handed by the works to the 
inspector. The note properly signed and 
drawn up by the manager of the works, shall 
restate the conditions of the order and serve 
as a certificate that the methods of manufac- 
ture and of marking required by paragraphs 1. 
3, 5, 7 and 10 of article 2 and by article 8, 
have been fulfilled. 

Further, it shall certify that the rails have 
not been previously submitted for inspection. 
The manufacturer shall provide the necessary 
labour to enable the inspector to examine the 
four sides and both ends of the rails for de- 
fects. 


Arr. 4. — Exterior inspection of the rails. 


Paragraph 1: Surface examination, — 
a) The four sides and the ends shall be free 
from any defects, twists, cracks, flaws, blis-. 
ters, ete.; 

b) Surface defects shall be cut out by chisel. 
If, after this has been done, the tolerances 
allowed are exreeded, the inspector can accept 
the rails if he consider the defects will not 
affect the serviee given by the rail. 


_ Paragraph 2: Tolerances on the dimensions. 
a) LenetH, — The lengths specified are at a 
temperature of 15° ©, (59° F.) and are mea- 
sured along the web, 

‘The tolerance on the length shall be a or 


- minus : 


: 


we 


2 millimetres (0.079 inch) on lengths of 
18 m. (59 ft. 5/8 in.) or less; 

3 millimetres (0.118 inch) on lengths of 
from 18 m. to 24 m. (59 ft. 5/8 in. to 78 ft. 
9 in.) inclusive; 

6) SxecrTionaL DIMENSIONS. — An allowance 
of half a millimetre (0.0197 inch) plus cr 
minus is allowed on the profile dimensions on 
condition that the actual weight of the rail 
shall not be 2 % above or below the normal 
weight as defined in article 2, paragraph 11. 

For flat bottomed rails the tolerance on the 
flange shall be 1 millimetre (0.039 inch) plus 
or minus; 

ce) SquaRine OF ENDS. — A tolerance of half 
a millimetre (0.0197 inch) shall-be allowed; 

d) Dritiine. — A difference of half a milli- 


metre plus or minus shall be allowed in the_ 
A difference of 1 milli- 


diameter of the holes. 
metre plus or minus shall be allowed in spacing 
the fish plate bolt holes. The distance of the 
fish plate bolt holes from the rail end shall 
be checked by means of a gauge with a stop 
to engage the rail end and two studs which 
should enter the holes. 

The studs shall be 1 millimetre less in dia- 
meter than the corresponding diameter of the 
holes. The centres of the studs from the stop 
shall be exactly the same as the centres of 
the holes from the rail end. 

All the studs must enter the holes in the 
rail at the same time with the stop in contact 
with the rail end. 

The orders will state the tolerances allowed 
longitudinally for all holes other than those 
for the fish plate bolts. 


Paragraph 3: Gauges. — The gauges for 
checking the profile, drilling, etc., shall be pro- 


_ vided by the maker at his cost. The precision 
- gauges belonging to the railway will not re- 
lieve the maker from preparing his own gauges 
as the Railway Company’s gauges are to he 
used to test these other gauges and not the 

manufactured material. 
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Arr. 5. — Tests to be made before rails 
are accepted. 


Paragraph 1: List of tests. — The rails 
offered for inspection shall be submitted to the 
following tests : 

a) DROP TEST ON A NOTCHED PIERCE OF RAIL; 

6) TENSILE TEST; 

c) Harpness test (for information only). 

Paragraph 2: Method of making tests. — 
a) DROP TEST ON A NOTCHED PIECE OF RAIL. 

The drop test on a notched piece of rail 
shall be made with a guided tup weighing 
300 ker. (660 Ib.). 

The guides shall be rigid, straight and ver- 
tical, and so arranged that the friction dur- 
ing the drop shall be reduced to the minimum. 

The mass and form of the tup shall be sym- 
metrical with reference to the plane of the 
guides. The centre of gravity shall be as low 
as possible in this plane, and in the vertical 
plane should be equidistant between the two 
guides. 

The height of the guide ways of the tup 
shall be appreciably greater than the distance 
between the guides. 

The release gear shall not cause any side 
movement of the tup when operated. 

The base shall be cylindrical in the hori- 
zontal plane in line with the guides and con- 
form to the design shewn in figure 1. The 
weight of the metal anvil shall be not less 
than 10 000 kgr. (22 000 lb.). 


Fig. 4. 


The supports for the rails shall be spaced 
at 0.500 m, (1 ft. 7 11/16 in.) centres; they 
shall be fixed to the anvil so that they cannot 
be displaced and be of the form shewn in 
figure 2. 
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quirements of the specification are met: if test pieces shall be prepared in accordance 


otherwise, the whole ingot shall be rejected. 


Paragraph 2: Tensile test. — The tensile 


Minimum 
Resistance 
in kilogrammes 
per square millim. 
(in English tons 


Minimum 
Percentage 
Elongation 

on a length of 


per square inch) 
of the original 
section, 


100 millimetres 
3 15/16 inches), 


with article 6, paragraph 2b, and give the fol- 
lowing results : 


Observations. 


65 ker. 65 (44.3) 10 Jo 
70 ker. 70 (44.4) 9 of, 
80 ker. 80 (50.8) 7 /o 


For each of the three grades the rails will 
be grouped by lots in order of rolling from 
ingots from three casts which have fulfilled 
the requirements of the drop test. 

A tensile test shall be made from each of 
the lots in question. The test piece shall be 
taken at the option of the inspector in ac- 
eordance with information revealed by che 
hardness test, or the analyses from the discard 
from the base, which he shall indicate. 

If this test is satisfactory the lot of rails 
shall be accepted.. 

If it is not satisfactory a further tensile 
test shall be made from each of the other two 
easts in the same lot of rails. 

For each cast not meeting the test, the 
bars P shall be rejected. 

A further tensile test shall then be taken 
from each of these casts on a length of 300 mil- 
limetres (11 13/16 inches) selected from the 
top of one of the bars P rejected. 

If this test is unsatisfactory, the casts in 
question shall be finally rejected. 


Paragraph 3: Hardness test. — No dimen- 
sion as to the diameter of the impression is 
laid down, as this test is only required for 
information. 
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The Resistance R and the Elongation A shall be 
in accordance with the formula R-+- 2A > 92. 


The Resistance R and: the Elongation A shall be 
in accordance with the formula R+ 2A > 94. 


The Resistance R and the Elongation A shall be 
in accordance with the formula R-+ 2A > 98. 


The hardness test shall be carried out at 
most on three samples from each cast. 


Arr. 8. — Branding of rails. 


The rails shall bear, on one face of the weh, 
in relief from the rolls and thereby reproduced 
once each revolution of the rolls : 


1) The trade mark of the maker; 

2) The month and the two last figures of 
the year of manufacture; the marks for the 
month can be made by dots, bars or Roman 
figures ; 

3) The process of manufacture — Thomas, 
Bessemer, or Martin — to be indicated by the 
letters T., B., M.; 

4) The letter or figure indicating the type 
of rail; . 

5) An arrow pointing towards the extremity 
of the rail corresponding to the top of the 
ingot; 

6) The number indicating the minimum re- 
sistance laid down (this number can if desired 
be stamped hot if the works prefer). 


For example: A rail marked 65 — Works ITIL 
— 19 — T — S. 12 — would indicate a rail 
made of Thomas steel of 65 kgr. quality stan- 
dard type 46 ker. (92.73 lb. per yard) shewn 
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by the figures S. 12, made in April 1919. 
In addition, on each rail shall be stamped 
hot, on the side of the web carrying the marks 


rolled on the rail at a distance of about 


1 metre (3 ft. 3 3/8 in.) at the end corres- 
ponding to the top of the ingot, the number 
of the cast and that of the ingot: Beside these 
numbers the letter H shall be stamped when 
the rail is the one made immediately. after 
the top discard of the ingot, and the letter P 
on a rail taken from the bottom of the ingot, 
and, when necessary, a number corresponding 
to the minimum resistance specified. 

Rails of usual length which do not bear 
these marks stamped when hot shall be re- 
jected. 

When the rails have been finished, the 
marks, the cast and ingot numbers, and the 
letters H or P shall be again stamped when 
cold on the nearest end so that they can 
always be seen when the rails are stacked. 

Each top and bottom discard shall be, like 
the rails, marked when hot with the number 
of the cast and that of the ingot. 

The rails accepted shall be stamped at both 
ends with the inspector’s stamp. 

All rails rejected shall be stamped on the 
head to the right of the east number with 
agreed marks which cannot be obliterated to 
prevent them from being again offered for 
inspection. 


Art. 9. 
Guarantee. Makers’ responsibility. 


Paragraph 1 : Guarantee. — The maker gua- 
rantees the rails for ten years from the date 
of manufacture. In all cases the sum of 
money withheld against the guarantee shall 
be paid at the end of six years. ; 

In the case of any rail during this period 
breaking either when being handled, or when 
in place, or becoming defective otherwise than 


by ordinary wear, or in which any defects 
overlooked during the ‘inspection should be 


noticed, the supplier shall be required to’ pay. 


compensation equal to the value of the rail 
in question calculated on the price of the last 
order passed by the Railway for similar rails 
of at least 1000 tons immediately before vhe 
breakage occurred. 

The Railway Company shall, provided the 
order so states, determine from test pieces to 
be sent to the maker, the proportion of rails. 
to which the guarantee shall apply. 

Any rails which, owing to their special use, 
after delivery have to be worked up, either hot 
or cold, at points where breakage or defects 
subsequently shew themselves shall not be sub- 
ject to a payment of this indemnity unless 
defects due to faulty manufacture are found. 

Broken or damaged rails shall remain the 
property of the Railway Company. 

When rails are to be used for railways in 
course of construction, the order shall contain 


special stipulations as regards the beginning 


and duration of the guarantee. 


Paragraph 2: Patent rights, — Any patent 
rights that have to be paid to inventors will 
be ‘paid by the maker who will guarantee the 
Railway Company against any claim. 


Paragraph 3: Cost of test, inspection, ete. 
— The installation of test appliances, their 
upkeep, and the labour and other costs incur- 
red during reception with regard to the tests 
and analyses mentioned above, shall be at the 
sole charge of the maker, 


Paragraph 4: Responsibility of the maker. 
— The supervision carried out by the inspec- 
tor at the works, the examination or tests, 
and the acceptance of the manufactured rails 
shall not, in any case, reduce the res»onsibility 
of the maker, as he will remain entirely res- 
ponsible ‘for the rails until the expiration of 
the period of guarantee. 


% 
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Highway safety promoted by mechanical traffic control methods, 


By Artaur H. BLANCHARD, 


PROFESSOR OF HIGHWAY ENGINEERING AND HIGHWAY TRANSPORT, UNIVERSITY OF MICHIGAN, 


CONSULTING ENGINEER, MICHIGAN STATE HIGHWAY DEPARTMENT, 


(Bulletin of the Permanent International Association of Road Congresses, No. 43.) 


Before considering ‘the specific con- 
ditions in connection with which me- 
chanical traffic control methods should 
be used to promote the safe use of high- 
ways, it is well to have in mind the 
general status of highway accidents. A 
bird’s eye view was presented in the 
Report of the Committee on «Statistics > 
submitted at the First National Confer- 
ence on Street and Highway Safety 
which was held under the auspices of 


the Hon. Herbert Hoover, Secretary of 
Commerce, in Washington, D. C., in De- 
cember 1924. Pertinent abstracts from 
this report follow : 


« In 1923 the loss in the United States 
due to street and highway accidents 
amounted to 22 600 human lives, 678 000 
serious personal injuries and $600 000 000 
economic loss, an increase of 80 % in the 
past seven years. About 85 % of these 
accidents were due to automobile traffic. 


Highway fatalities in the United States. 


Train grade crossing accidents (1) 
Street car accidents 


Motorcycle accidents 
Injuries by other vehicles 


(@) Grade crossing figures from Interstate Commerce Commission. 


Rate per 100 000 


Estimated fatalities. : 
population. 


1923 1922 1923 1922 
hey 
4.6 

42.5 
0.3 


4.5 


2.0 
1.8 
14.9 
0.3 
44 


1 810 
4748 
43 676 
344 

1 655 


19 203 20.4 17.6 


= 4008 


Motor vehicle fatalities compared with registration 
of motor vehicles in the United States. 


vehicle deaths. 


In this discussion, only one problem 
will be considered, namely, safety de- 
vices and regulations at railroad grade 
crossings. This topic has been selected 
as a consideration of its complex feat- 
ures introduces most of the fundamen- 
tals of the utilization of mechanical con- 
trol methods or methods for other road 
conditions requiring signals and special 
regulations to promote the safe use of 
highways ‘by the motor vehicle driver. 

In considering the problem of traffic 
control methods by mechanical devices, 
it is advisable to’ glance for a moment 
at the methods which are available for 
reducing the number of accidents at rail- 
road grade crossings. Engineers and 
investigators in the railway fields pro- 


pose a program which consists of four 


lines of action. 


First, the elimination of grade cross- 
ings in congested areas as rapidly as it 
is financially practicable at the joint 
expense of the railways and the local 
communities. 

Second, the increase of protection at 
grade crossings as much as is practic- 
able. Under this head are considered 
methods which are applicable to a great 
many existing railroad crossings at the 
present time, such as increasing the dis- 
tance of vision along the tracks from 


Total number motor 


Number motor 
fatalities per 100 000 
motor 
vehicles registered. 


Total registration 
of motor vehicles. 


5 104 324 190 
6 146 617 160 
7 565 446 130 
9 231 944 123 
10 463 295 119 
12 238 275. 414 
15 092177 106 


the highway, by the removal of obstruc- 
tions of one kind or another, the chang- 
ing of grade approaching railroad cross- 
ings, and relocations in a great many 
cases to obviate dangerous grade cross- 
ings. 

Third, to place warnings at the aps 
proaches of all crossings. 


Fourth, the education of the motorist 


relative to the danger of careless driving 
across railroad grade crossings. 


Contact with the first item on this 
program is met in discussions of this 
problem, through the public press and 
at various organization meetings of lay- 
men, the contention being generally 
made that the only solution is the im- 
mediate elimination of all grade cross- 
ings. Is this solution practicable ? At 
the end of 1921 there were 252 507 grade 
crossings. In 1922 there were 705 eli- 
minated and 4437 were added, giving 
at the end of the year a total of 256 239. 
The cost during 1922 was $70 000 000 or 
an average cost for the elimination of 
one grade crossing of $ 100000. Taking 
as an estimate $75 000 for ‘the elimina- 
tion of a grade crossing, the bill for the 
elimination of all the grade crossings 
existing on 1 January 1923, would be 
$19 500 000 000. A contemplation of these 
figures indicates that it is absurd to de- 
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pend solely upon elimination of grade 
crossings for the solution of the problem. 

There is one phase of this matter that 
deserves more than casual consideration. 
Reference is made to a timely recommen- 
dation by A. H. Rudd, chief signal en- 
gineer of the Pennsylvania Railroad Sys- 
‘tem, as contained in the following state- 


ment: 


« The Pennsylvania Railroad System 
in 1923 killed two passengers in train 
accidents; in 1922 it killed six, five of 
them in one collision on a road that had 
been recently taken over and had no 
Last year the Road didn’t 

kill one, and. in that time, — three years, 
_ eight passengers killed — there were 

711 people killed at highway crossings. 
Pennsylvania Railroad has 
been ordered to install automatic train 
control on three passenger engine di- 
It will cost in the neighbour- 
hood of $6 000 000. To equip our whole 
system. with train control would cost 
$115 000 000. For this sum we can pro- 
tect 57 000 crossings with flashing lights, 
indicating the approach of the train, the 
new signal recommended by the Signal 
Seetion of the American Railway Asso- 
@iation, and still have $80 000000: left 
for separation of grades, if we didn’t have 
to put in train control (and if we had 


block system. 


« The 


visions. 


the money). > 


The present program of the Interstate 
Commerce Commission to force the in- 
stallation of automatic train control 
should receive the careful consideration 
of every citizen because of the immense 
amount of: capital involved, which, in 
the opinion of many railroad and high- 
way officials, could, from the standpoint 
of the safety of the people as a whole, 
be much more effectively expended in 
the elimination of grade crossings and 


installation of signals at all crossings. 


The next phase of this subject is with 
reference to traffic control relative to 
which there has been a wide diversity 
of opinion between highway officials 


and motorists on the one hand and rail- 
road officials on the other. Railroad 
officials have been contending, in many 
cases, for a full stop law which would 
mean that at every one of the 260 000 
railroad crossings in the United States 
vehicles must stop before crossing the 
track. The effects of a full stop law 
should be given thorough consideration, 
not only from the standpoint of safety 
but also from the viewpoint of the eco- 
nomics of transportation. 

Take, for example, a highway which 
has a daily traffic of 10 000 vehicles and 
which is crossed by a railway carrying 
one passenger train with an average of 
30 passengers each way per day. An 
examination of the traffic on that high- 
way might indicate the following condi- 
tions which are based upon personal ob- 
servations. In travelling a highway of 
this type for a distance of eight miles, 
15 groups of massed automobiles, rang- 
ing from 10 to 32 vehicles in each group, 
were passed. Contemplate the danger 
from collisions and the delay involved 
in requiring each one of these vehicles 
to come to a full stop before it crosses 
the. railroad track. Such a regulation 
would mean, based on a conservative 
estimate, that in one day 20000 people 
would be delayed for the benefit of 
60 train passengers. There are at the 
present time many railroads of this 
character in the United States. 

From a broader viewpoint, a universal 
full stop regulation would mean, assum- 
ing one grade crossing in every ten miles 
of highway and that each motor vehicle 
travels twenty miles per day, that there 
would be not less than 35000000 ve- 
hicle stops at railroad crossings each 
day throughout the United States. 

This subject was discussed during two 
sessions at the National Conference on 
Highway and Street Safety. The follow- 
ing conclusion was adopted which, it is 
believed, all will agree was based on 
sound common sense principles : « Pro- 
perly designated State commissions 
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should be empowered to designate dan- 
gerous grade crossings at which moto- 
rists must stop. > 

Now what is the other side of this full 
stop regulation? There is a growing 
opinion among highway officials and 
some railroad officials that there are 
conditions under which it is advisable to 
have a full stop. provision which has not 
been outlined as yet, namely .to have 
trains come to a full stop before crossing 
ahighway. Within the next year there is 
little doubt but what this provision wvill 
be placed in operation on many short 
line railroads carrying: perhaps:a total 
of 300 passengers on trains as against 
20 000 or more carried on the highway 
during a given day. 
many cases it will be advisable that a 
transportation survey be made ofa rail- 
road grade crossing to ascertain the traf- 
fic on the railway, the traffic on the high- 
way, and the physical conditions which 
surround the crossing from the stand- 
point of visibility of the tracks from the 
highway. 

Those railway officials, who in recent 
years worked so strenuously for the gen- 
eral adoption in our Legislature of a full 
stop provision, admit that the regulation 
proposed by the Committee on « Traffic 
Control » of the Hoover Conference and 
adopted by that Conference, to the effect 
that, unless a State commission has de- 
signated a grade crossing as one at 
which motorists must stop, « vehicles 
should not be permitted to exceed a 
speed of 15 miles per hour when ap- 
proaching within 100 feet of a grade 
crossing », has never been given a chance 
to demonstrate its value. In connection 
with that recommendation, which is 
based upon the practical operation of 
motor vehicles under control, it is of 
interest to cite the following opinion of 
Supreme Court Justice Charles Van Kirk 
of the State of New York. 


« Having provided for a dise sign and 
how and by whom it shall be placed the 
statute in peremptory language provides: 


In other words, in - 


It shall be the duty of the driver of any 
vehicle using such a street or highway 
and crossing to reduce speed to a safe 
limit upon passing such sign and to pro- 
ceed cautiously and carefully with the 
vehicle under complete contrel. 

« It is our view that if the drivers of 
automobiles obey this statute to its 
letter and its intent, seldom if ever will 
injuries be suffered at grade crossings. 
The price of safety by obedience to this 
statute means no more than three or 
four seconds of time,.a small price for 
a life, and in any event we believe the 
legislature was more interested in pre- 
serving life and limb than in preserving 


the right to recover damages for life and _ 


limb lost. 

« The safe limit of speed in approach- 
ing a crossing is that speed at which the 
driver of an automobile, as he arrives at 
a point where he can see an on-coming 
train when it is near enough to render 
crossing ahead dangerous, can stop his 
car if necessary before he reaches the 
track. It is futile to look when one 
cannot see. If he cannot see without 
stopping he must stop. > 


Those who are in favor of adopting a 
reduced speed limit at grade crossings, 
also contend that its value is dependent 
upon its enforcement. That does not 
mean that an officer must be present at 


every railroad grade crossing but it does . 


mean that, if officers will arrest persons 
who-do not comply with a statute of this 
character and if such arrests are proper- 
ly and widely advertised in the public 
press, a vast majority of the operators of 


_ vehicles soon will acquire the habit of 


observing such laws. 

Other methods of control will be con- 
sidered under the general subject of me- 
chanical methods. Gates will be passed 


‘by as there is a decided difference of 


opinion among railway officials as to 
the value of the utilization of gates at 
railroad grade crossings. It is self-evi- 
dent, however, that gates and flagmen 
may be used effectively at many danger-_ 
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ous crossings on highways subjected to 


ae intensive traffic. 


A phase of control by mechanical 
methods has been promoted in certain 
Some have advocated the con- 

struction of humps or corrugations in 
the roadway surface in order to force 
- operators to reduce speed. Others have 
urged the installation of various devices 
which will require cars to slow down 
their speed because of obstructions plac- 
ed in the highway, causing vehicles to 
be diverted from the regular path. Some 
of these include two turns marked on 
the highway by curbs which a vehicle 
must pass around before reaching a 
grade crossing. While there may be a 
difference of opinion regarding the value 
of these methods, it is believed that the 
following conclusion presented by the 
Committee on « Construction and Engin- 
eering » headed by Hon. Frank Page, 
Chairman of the North Carolina State 
Highway Commission, and adopted by 
the Hoover Conference is sound: « Rough- 
‘mess in the pavement or other. conditions 
at or near the tracks, which tend to 
divert the attention of the motorist, 
should be avoided. » The Committee re- 
port described the « conditions » men- 
tioned in the conclusion as follows : 


« Transverse ridges in the road, zigzag 
turns and various other expedients de- 
signed to force the motorist to reduce 
speed at railroad crossings have proved 
ineffective and are not recommended. 
On the contrary, your Committee belie- 
ves the operation of the motor vehicle, 
particularly on and in the immediate 
vicinity of the tracks, should be made 
as simple and easy as possible so that 
the operator can apply himself to watch- 
ing for approaching trains. Very much 
can be done along these lines for a rela- 
tively small expenditure, and the dan- 
gers of many crossings can thereby be 
greatly reduced. Frequently where the 
railroad is on an embankment the high- 
way is carried up to the level of the 
tracks by a short steep grade which 


_ ing danger of stalling. 


breaks sharply at the track itself, caus- 
Such approaches 
should be extended and provided with 


easy vertical curves or level places so 


that the motorist can stop and hold his 
car easily within ten feet of the railroad 
if he discovers a train coming. Short 
sharp descents to the tracks should like- 
wise be cut away to easier grades to lessen 
the likelihood of motorists being unable 
to stop near the tracks, or of being ram- 
med from behind and driven upon the 
tracks. > 


What mechanical method may be em- 
ployed ? In discussing this subject, it is 
desirable to present definite recommen- 
dations relative to the meaning of differ- 
ent light colors. The Hoover Conference 
adopted the following conclusions : 
« For signs and signals, both luminous 
and nonluminous, the following color 
indications are recommended, and these 
colors should not be used for any other 
purpose: Red for « Stop »; green for 
« Proceed >; yellow for « Caution >, as 
at curves, >» This subject may be con- 
sidered.from two standpoints, first, me- 
chanical devices which may be employ- 
ed during daylight, and second, those 
which may be employed either at night 
or during both the hours of daylight 
and darkness. 

During daylight it is self-evident that 
the standard disc signs at the side of 
the pavement usually are effective as 
well as markings on the pavement. Of 
course there are conditions under which 
both of these may not function. As a 
general proposition, the sign if nroperlv 
placed and at a height of visibility wil! 
be effective excent when it is covered 
by snow or ice. Markings on the high- 
way or pavement, of course, are not 
effective when the pavement is not clean 
or is covered with snow or ice and dirt. 
To indicate the approach of trains dur- 
ing daylight hours, the automatic wig- 
wag signals have proved effective, nro- 
vided they are efficiently maintained. 

The most difficult and complex phase 


he 


WM, 


of this problem is in regard to the meth- 
ods by which the highway officials and 


engineers and the railroads can give ade- 
quate warning to motorists approaching 


railroad crossings during the night. 
What methods maybe utilized at cross- 
ings designated as dangerous ? There is 
no question but what it will be desirable, 
as rapidly as practicable, for railroads 
to install at all crossings signals of the 
type advocated by the Committee of 
Signal Engineers of the American Rail- 
way Association, namely, the showing 
of intermittent lights, red in color, to 
indicate the approach and passage of 
trains at given crossings and giving a 
definite signal to the operators of ve- 
hicles that they must come to a full stop. 
There may be a difference of opinion 
as to the method to be employed to give 
constant notice that a crossing has been 
designated as a full stop crossing by a 
State commission. There is no question 
but what a red light should be employed. 
The difference of opinion will come as 
to whether it should be a clear continu- 
ous light or a flashing light. In this 
connection, it should be borne in mind 
that the education of the public relative 
to the utilization of uniform signals is of 
paramount importance. Otherwise there 
is a tendency for motorists to become 
callous and neglect the warning which 
it is intended should be indicated by a 
given type of signal. In other words, if 
an intermittent light is to be used ‘by 
the railroads to indicate an approaching 
or passing train, the utilization of a 
flashing red light would be of doubtful 
expediency. The position of such a 
light indicating full stop should be near 
the railroad tracks. To provide for 
maximum safety, the railroad signal of 
intermittent lights, red in color, should 
be installed to indicate the approach and 
passage of trains and a continuous non- 
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flashing red light, having a lens with 
the standard black cross an R R painted 
on its face, should be used to signify to’ 
the motorist that he is approaching a 
full stop railroad crossing. This type of 
light also be employed at full stop cross- 
ings in cases where the railroad has not 
erected train approach signals. 

In the case of grade crossings which 
are classed among those at which speed 
should be reduced, a continuous yellow 
warning signal light, having a lens with 
the standard black cross and R R paint- 
ed on its face, should be placed at a dis- 
tance of 300 feet to give the necessary 
warning. As previously stated, the re- 
gulation is that within a distance of 
100 feet from the railroad the motor ve- 
hicle operator should reduce the speed 
of his vehicle to 15 miles per hour. Such 
a law may be easily complied with if 
the light is installed at 300 feet from the 
railroad crossing. Of course, the rail- 
road intermittent red light signal should 
be erected at the crossing to indicate 
the approach and passage of trains. 
Without lights or illuminated signals, it’ 
appears that it is placing a degree of res- 
ponsibility on the motorist which is un- 
reasonable as it is with extreme diffi- 
culty that the ordinary non-illuminated 
signs are visible to the travelling public 
at night. 

The endeavour has been made to base 
these recommendations relative to me- 
chanical methods on the principles of 
reasonable traffic control. They have - 
been proposed in the interest of the sa- 
fety of a very large percentage of the 
17 000 000 owners of motor vehicles, ra- 


ther than to penalize this vast majority 


for the foolhardy acts of a small minority 
of operators who race an express train 
to a crossing, crash through a gate, or 
collide with a train and pass on into 
eternity. ; 
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McClellon water-tube boiler locomotives. 


Figs. 1 to 9 pp. 1014 to 1019. 


(From the Railway Mechanical Engineer.) 


In 1916 the New York, New Haven & 
Hartford, placed in service two Mikado 
type locomotives fitted with McClellon 
water-tube fireboxes. These two boilers 
met wit indifferent success. The ori- 
ginal design developed some weaknesses 
in the details of its construction but 
showed that its fundamental principles 
were mechanically sound and that with a 
modification of the details that were giv- 


_ ing trouble, the boiler would probably 


give satisfactory service. Unfortunately, 
Mr. MeClellon died at this time, just as 
the boiler had demonstrated its possible 
practicability. 

W. L. Bean, mechanical manager of 
the New York, New Haven & Hartford, 
feeling confident that this type of fire- 


_ box. construction possessed advantages 


over the ordinary radial-stayed firebox, 
undertook to study fully and to correct 


- the troublesome features which had be- 


come apparent in actual service. These 
changes were made in 1920 to the two 
original boilers, which are still in ser- 
vice. In 1924, having 10 Mountain type 
locomotives on order with the American 
Locomotive Company, it was decided to 
equip one of these locomotives with the 
McClellon firebox, embodying such 


- changes in the structural design as had 


already been made in the two existing 
boilers, and including further modifica- 
tions which were felt might prove to be 
advantageous. 

Realizing that this design. of boiler is 
particularly adaptable to high pressures, 
one of the modifications made in the 


new locomotive was to increase the 
boiler pressure to 250 1b., which, with 
the use of a.70 % limited cut-off, would 
give greater steam economy. Viewed 
from the standpoint of the present de- 
sign, it is of very simple construction 
and well adapted to meet and properly 
withstand the stresses inherent in_loco- 
motive service. 

The character of the construction is 
clearly shown in the illustrations. It 
will be seen that the ordinary parallel 
sheet construction of tthe back head, 
sides and combustion chamber are re- 
placed with walls of water tubes. The 
roof and crown sheet area in the con- 
ventional type is replaced with a sec- 
tion formed of three longitudinal drums 
extending ithe complete length of the 
firebox and combustion chamber and at- 
tached at the front end to the rear tube 
sheet. These drums are in contact with 
each other throughout their length and 
are so flattened at the contact areas as 
to permit the largest possible steam and 
water space. They are prevented from 
separating by screw rivets that keep the 
flat sections in continuous’ contact 
throughout, 

Combustion chamber and side tubes 
are 4 inches in outside diameter, swedg- 
ed to 3 inches at the ends,’ with walls 
1/4 inch thick. The back head ‘’ubes 
are 2 inches in outside diameter for 
their entire length, with walls 3/16 inch 
thick. All tubes are rolled and beaded 
at the top ends in the drums, but are 
rolled and flared in the mudring at the 
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bottom ends. The arch tubes are con- 
ventional in size but at the top the ends 
are turned up into the drums and rolled 
and beaded.» All tubes entering the 
drums are on the drum radius and per- 
pendicular at the point of entrance. 

To accommodate proper seating of the 
tubes in the mudring, the top wall is 
flattened inside and outside. The out- 
side of the bottom wall also is flattened. 
Through it holes are tapped opposite each 
tube to permit the initial installation of 
tubes and such inspection and mainten- 
ance as may be necessary. These holes 
are closed with plugs, all of which do 
hot constitute washout plugs but on the 
contrary are so-called « construction 
plugs » ; 

There is a slight clearance between all 
tubes forming the firebox construction 
in order to permit of easier installation. 
Lagging and protection is applied on 
the sides and back head, outside of the 
tubes, to which reference will be made 
later. All back head tubes are staggered 
at the entrance into the drums. because 
of the relatively restricted section form- 
ing the crown, as compared with the 
length for tube spacing available in the 
mudring. : 

The illustrations given are all taken 
from locomotive 3 500, which is equipped 
with a Duplex stoker. Several of the 
back head tubes are bent away - from 
their normal position in order to permit 
entrance of the stoker distributor tubes. 
This construction is used where the 
Duplex stoker is applied but is not used 
when the Standard stoker or similar 
types are applied. 

The fire door opening is a combina- 
tion water-leg and water-tube construc- 
tion. The section below the door is of 
a conventional stayed construction. It 
is made up in three pieces: a single 
inverted U-shaped piece flanged and 
riveted to the mudring, with tthe ends 
closed by semi-circular sheets bent and 
riveted in place. The sides of the door 
opening are formed by large tubes join- 


‘sary free longitudinal 


ing the stayed section at the bottom and 


connected near their upper ends by the 
top door member which is formed rec- 
tangular in section from round tubing. 


Regular 2-inch tubes are carried from . 


the top member of the door frame up 
to the drums in the same manner as the 
main back head tubes, with plugs located 
on the underside of ithe rectangular 
member opposite tube holes. The large 
side tubes are capped at their top ends 
with steel castings, welded in place, into 
each of which 2-inch tubes are applied 
and carried up to the drums. 

One of the troubles with the original 
construction was lack of provision for 
any column action to take the stresses 
between mudring and drums indepen- 
dently of the tubes. This situation is 
avoided by a series of braces bétween the 
mudring and the drums so arranged as 
to form, in combination with the drums 
and mudring, a hollow box girded type 
construction. This relieves the tubes of 
any duty other than that of steam and 
water containers under pressure. Shocks 
incident to locomotive service are trans- 
mitted through this bracing construction 
and kept away from the tubes, so. that 
they. remain continuously tight, eyen 
under severe and unusual operating con- 
ditions, The braces at the sides of the 
firebox are of channel section secured 
with fitted bolts to the mudring and to 
castings applied ito the drums. The 
braces are seated against shoulders so 
that the bolts are relieved of shear. Ho- 
rizontal members of rectangular section 
connect the main side braces to give ad- 
ditional stiffness. ‘ 

The arrangement of bracing, being free 
from triangulation, permits the neces- 
movement of 
drums relative to the mudring resulting 
from temperature differences between 
the mudring and crown sheet areas. Si- 
milar construction is.employed at the 


back head. The top connections of the © 


back head braces into the saddle cast- 
ings on the drum heads are so arranged 


SOT 


as to permit inspection and attention to 
the seams between drums and drum 
heads. An arch effect is obtained 
_ through the use of the diagonal braces 
which connect the column members to 
the center drum. ; 
A back head belt of wide plate section 
is bolted to the back head braces and 
_ carried around the corners of the fire- 
_ box to the rear side braces, This not 
only forms a part of the back head 
_ bracing, but serves as a foundation on 
- which all of the back head and cab fit- 
_ tings are applied. 
_ The throat sheet at the front end of 
the firebox is generally similar to the 
ordinary throat sheet in conventional 


~eer Ss, 


So 
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is then reamed and the studs applied. 


box, is of water-tube construction, but it 
is encased in a dry shell extension of 
‘the third barrel course. This course 
provides the structural strength for the 
connection of the firebox and the barrel 


Fig, 6. — Method of closing throat sheet corners. 
_ the lap of the sheets at the end of the throat is smoothed by welding and scarfing and the 
flanged cap fitted in place hot, after which it is secured by screw rivets and welded to 

the dry shell and to the inside plate at the edges of the vent opening. 


boilers, except that it is vertical and is 
arranged to give greater accessibility for 
washing out. The back plate of the 
throat is flanged outwardly tto receive 
the front ends of the hollow mudring, 
and opposite the mudring connections, 
the front throat sheet is fitted with hand 
hole plates similar in constuction and 
arrangement to those used in marine and 
stationary practice. The top points at 
the sides of the throat are fitted with 
caps and vented through copper pipes 
which permit the escape of steam into 
the steam space in the central drum. 
Figure 6 shows-a detail of this con- 
struction. 

The combustion chamber, like the fire- 


Ov. tsidle 
Throat 
Sheer 


A plate is first welded in the opening, 
The opening 


portions of the boiler. It will be seen 
in the photographs that at the top it is 
securely riveted to the two outside 
drums throughout the length of the com- 
bustion chamber and that the inside 
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, and space blocks to relieve nipples of shearing, 


- 


. line with the firebox tubes. 


Pe ang sa 


and outside throat sheets are riveted to 


it at the bottom. The rear tube sheet is 
also riveted in this course with the 
flange extending forward into the water 
space. 
rection to receive the front ends of the 
three drums which form the top of the 
firebox, no flanging or swedging of tthe 
drums being required. To permit the 
caulking of the tube sheet flanges at the 


‘sides of the two outside drums where 


the dry shell overlaps the flanges, a 
recess has been cut in this shell. The 
opening thus made into the combustion 
chamber is closed with a fitted cover 
plate, to prevent the escape of gases into 
the lagging. 

To permit the transfer’ of water 
from the barrel of the hrilcr to the fire- 
box and combustion chamber a circu- 


- Jating trough is riveted on the outside of 


the third course at the bottom. The 
front end extends ahead of the tube 
sheet and opens through the shell into 
the boiler, while the rear end is riveted 
into-a flanged opening in the outside 
throat sheet. 

All combustion chamber tubes enter 
the side drums at their upper ends in 
The bottom 
ends of all except the rear tube on each 
side open to the circulating trough 


Fire side of tubes. vB Mesh, Nol BW. 


rVacket 


Sectional view of lagging 
over firebox tubes. 


“Cement 


It is flanged in the opposite di-- 


/ Steelcrete Expanded wire 


through holes in the dry shell. The rear 
tubes open directly into the throat sheet 
water space. 
The attachment of the. combustion 
chamber tubes to the circulating trough 


involves a unique type of construction, 


which is shown in detail in-figure 8. 
The tubes are flattened and curved to 
fit the dry shell at the bottom and 
their ends are cut away on an angle. 
A hole through the flattened wall of 
the tube fits over a nipple, applied 
through the hole-in the dry shell and 
rolled, beaded and welded, before the 
circulating trough is in place. The up- 
per end of the nipple is rolled, beaded 
and welded in the tube, working through 
the open end of the tube. The end of 
each tube is closed by plate welded in 
place, over which the edges of the tube 
are flanged and welded. A space block 
is applied between the right and left 
tubes of each pair to relieve the nipples 
of shearing action. 

The lagging on the outside of the fire- 
box is composed of a protection plate, 
insulation and jacket. The lagging is 
made up in sections with each panel 
self-contained in order to permit the re- 
moval of lagging in sections without the 
necessity of wholesale stripping for 
access to tubes and other parts. The 


Section showing method of fastening 
protection plate, thermo- felt and 
jacket as a single writ at edges of 
panels, 


Fig. 9. -— Details showing the construction of the firebox enclosing wall and the method 
of attaching the lagging and jacket in panel units, to a framework of angles supported 
on the firebox braces. The usual type of asbestos lagging and jacket are applied over 


the top and ends of the drums. 


lagging is applied after the tubes have 


been covered with an asbestos cement. 
No detailed study has been made of 


circulation in this boiler, but observa- 


tions of the bare boiler, fire-up during 
construction and without any lagging or 
insulation whatever, indicate a very 
uniform warming up of the entire boiler 


A020 


from front end to back head without the ~ 


usual unequal heating normally experi- 
enced in the radial-stayed construction. 
The time required to fire up the cold 
boiler is only two-thirds of the time 


usually required with the radial-stayed 


construction, There is a very notice- 
able scouring action through the tubes 
of the firebox and combustion chamber, 
undoubtedly due to the rapid and posi- 
tive circulation and indicated very de- 
finitely by lack of mud and scale in the 
mudring and tube area. Most of the 
mud accumulated is relatively soft and 
is deposited in the trough section. In 
other words, the dead corners of the 
conventional boiler and firebox are ab- 
sent in the McClellon construction, 
The freedom from unequal heating, 
momentary distortion of the firebox 
while warming up, more rapid circula- 
tion and absence of dead corners that 
give rise to mud and scale accumulation 
all indicate a better type of boiler con- 


struction than normally used. The time ; 


required to wash one of these boilers is 
only about one-half or two-thirds of the 
time required for the ordinary boiler. 
Stresses due to unequal temperature con- 
ditions are greatly reduced as indicated 
by considerably less maintenance on the 
firebox and combustion chamber portion 
of the boiler. Both running and back 
shop repairs are less on the boilers with 
this type of firebox than on those with 
the conventional type of firebox. The 
ten years’ experience of the New Haven 
indicates that the maintenance cost is 
reduced about one-half, and there is also 
a considerable increase in the time 
available for service. 

There is greater potential capacity in 
this type boiler when the locomotive is 
running before low steam conditions are 
experienced from any cause than is the 
case with the conventional locomotive 
boiler. 


Tse I, 


Comparison of the principal characteristics of the two locomotives tested : 


Dypers 

Boiler 

Firebox . 

Weight on dives : 
Total weight, engine and fender : 
Boiler pressure 

Cylinders 

Maximum cut-off. 

Diameter of driving wheels. 
Tractive force . 

Factor of adhesion . 


The arrangement of outside throttle 
and superheated steam on most of the 
auxiliaries is in keeping with present 
day practice. An Elesco feedwater heater 
and Duplex stoker are applied, the front 
end is fitted with Okadee hinges and the 
* air operated whistle uses superheated 
steam. 


Engine 3324 Engine 3500 
4-8-2 4-8-2 
Firetube Firetube 
Radial-stayed. McClellon, — 
230 500 Ib. 243 500 lb. 
548 800 lb. 549 000 Ib. 
200 lh. 250 lh. 

27 by 380 inches. 27 by 30 inches. 
85g 70 Fo. 

69 inches. 69 inches, 
53 900 lb. 63.390 lb. 

4.28, 


3.81. 


When this locomotive was built as — 


many dimensions and characteristics as 
possible were kept the same as ithe con- 
ventional engines built at the same time 
from the U.S. R.A. light Mountain type 
design for fast freight service. Thus, all 
tests could be made on a comparable 
basis as between the McClellon firebox 
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and the standard locomotive, thereby 
eliminating variables that would tend to 
influence conclusions, Consequently, the 
cylinder and wheel sizes, grate area, 
heating surface, superheater surface, etc., 
were all kept at the same values and 
the changes in the McClellon equipped 
locomotive were confined to the firebox 
arrangement, boiler pressure, valve events 
and, to some extent, the weight on dri- 
vers. Virtually the same limitation on 
axle loads held good for the McClellon 


equipped engine as were imposed in the 
case of the standard type. 

After receipt from the builders in 1924, 
this locomotive, road No. 3500, was 
placed in regular freight service and was 
later subjected to extensive tests in com- 
parison with one of the standard en- 
gines, road No. 3324. The tests with 
both engines were conducted over 
the same division, from New Haven, 
Conn., to Providence, R. I., a distance of 
113 miles. 
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Dimensions, weights and proportions of engine 3500, equipped with McClellon firebow : 


Type of locomotive 4-8-2. 

Service . Freight. 
Cylinders, dimietee ah Soe. 27 by 30 inches. 
Valve gear, type . Southern. 


Valves, piston type, size. - . 
Cut-off in full gear, Jo . 


Weights in working order : 


44 inches. 
70. 


On drivers 243 500 lb. 
On front truck . 59 500 lb. 
On trailing truck . 57 000 Ib. ~ 
Total engine. 360 000 lb. 
Menger cx? = 189 000 Ib. 
Wheel bases : 
Driving . 18 ft. 3 in. 
Total engine. 40 ft. 10 in. 


Total engine and Ae ‘ 


4 
} Wheels, diameter outside tires : 
= DTLVie pee cls os 69 inches. 
Front truck . 33 inches. 
Trailing truck . 43 inches. 
Boiler : 
PP y pO: Pee 92 = ae MeGlellon. 
Steam pressure. 250 lb. 
Fuel, kind Bituminous coal. 


Diameter, first ring, outdo. 
Firebox, length and width . 


_ Height mud ring to crown 
sneeb Dag seh a see 


Height mud ring to crown 
miloebrOonb: fue ay es /2 


Arch tubes, number and 
diameter .. . 


Combustion chamber ej. 
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16 ft. 5 4/2 in. 


78 3/8 inches. 


120 by 85 inches. 


63 3/4 inches. 
98 3/4 inches. 


4 — 3 inches. 
68 inches. 


Firebox tubes, number and 


diameter : 
Sides 58 — 4 inches. 
Back 28 — 2 inches, 


30 — 4 inches. 
201 —2 1/4 inches. 
40 —5 1/2 inches. 
20 ft. 6 in. 
70.8 square feet. 


Combustion chamber . 
Tubes, number and diameter 
Flues, number and diameter 
Length over tube sheets . 
Grate area 


Heating surfaces : 


Firebox : 
Drums. 84.8 square feet. 
Back section . 46.5 — 
Side and back tubes 187.0 — 
Combustionchambertubes 115.8 = 
Arch tubes 27.0 = 
Total . 458.3 _ 
Tubes. 2 469 = 
Flues . : 1 134 _ 
Total Ew portive ; 4 061 _ 
Superheating 4 009 — 
Comb. evaporative and super: 
heating se: . 5070 — 
General data estimated : 
Rated tractive force, 70 “is 
cut-off . 63 390 lb. 
Cylinder Popepower (Cole) . 3 090. 


Steam required ne hour 
(Cole) : ah 58 710 Ib. 


Boiler Sacoeaiine capacity 


per hour (Cole) . 63 072 lb. 
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Table 1 gives a comparison of the prin- 
cipal dimensions of the two locomotives 
tested. It will be seen that although 
both have the same cylinder dimensions, 
engine 3500 had the advantage of 50 Ib. 
per square inch in steam pressure, with 
a consequent higher tractive force of 
about 17.6 %. This higher tractive force 
is obtained with an increased weight on 
drivers of only 6 %, or in other words, 
with a reduced factor of adhesion. The 
locomotive required no more care in 
handling than the other engines with 
the higher adhesion factor because of 
the smoother torque resulting from the 
relatively shorter cut-offs. 

The first tests with engine 3500 were 
conducted to establish the maximum ton- 
nage which the engine was capable of 
handling. Starting with 4000 equated 
tons on a 75-car basis, the load was in- 
creased to 6547 equated tons. The en- 
gine started and accelerated this train 
without difficulty on a 0.142 % grade. 
Tests with greater tonnage were pre- 
vented by lack of available tonnage be- 
cause of the coal strike and the maxi- 
mum capacity of the locomotive is still 
undetermined. 

The results of the tests show that 
engine 3500 hauled 3.2 % more tonnage 
than engine 3324, maintaining the same 


average speed and the same running 
time over the division, while working 
at a 16.5 % shorter cut-off and at the 
same time used 10.7 % less coal than did 
engine 3324. This resulted in a decrease 
of 15.1 % of coal per 1000 gross ton- 
miles. No material difference in super- 
heat was noticed in the tests on the two 
locomotives. 

Because of the higher boiler pressure 
and limited cut-off of engine 3500, a sav- 
ing of 5 % in pounds of water per dyna- 
mometer horsepower-hour was obtained, 
which, coupled with the 12.0 % increase 
in evaporation per pound of dry coal, 
resulted in a decrease of 18 % in dry 
coal per dynamometer horsepower-hour. 
The McClellon boiler of éngine 3500 
shows an: increased efficiency of 9.4 % 
over the standard boiler of engine 3324, 
while there was an increase in overall 
thermal efficiency of 15.5 % in favor of 
engine 3500. : 

The results of this service and the 
tests were so satisfactory and so conclu- 
sively demonstrated the advantage of the 
McClellon boiler that, when ten new en- 
gines were recently purchased for the 
road, there was no question or discus- 
sion as to the type of boiler to be used. 
The McClellon water-tube boiler was or- 
dered ito be placed in all of them. 
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Safety and economy in railway operation. 


‘ 


Enterprise of the Cheshire Lines Committee. 


SIGNAL BOXES ELIMINATED BY TRANSIENT TRACK CIRCUIT INSTALLATIONS. 


Figs, 1 to 5, pp. 1023 to 1029. 


(Modern Transport.) 


_ With the object of eliminating a num- 
ber of intermediate signal boxes the 
Cheshire Lines Committee, whose super- 
vision extends over 143 miles of railway 
belonging, in the proportion of two- 
thirds, to the London & North Eastern, 
anid, of one third, to the London Midland 
& Scottish Company, have decided upon 
a somewhat extensive installation of 
« Transient > 'track circuits. The first 
of these was brought into use in January 
last between Baguley and Northenden on 
the Glazebrook-Godley Junction line. 
The whole of the work has been carried 


out under the supervision of the chief 
engineer by the Committee’s own staff, 
with the assistance of the Automatic Te- 
lephone Manufacturing Co., Limited, of 
Milton Road, Edge Lane, Liverpool, the 
contractors for the equipment, under the 
direction of their signalling engineers. 
By means of intermediate block work- 
ing, controlled by the transient track 
circuits, it has ‘been possible in this case 
to dispense with the intermediate signal 
box at Baguley East, and thus to 
effect a saving of the cost of working 
the box. 
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Fig. 1.— Sketch map of the Cheshire Lines Committee's railway and lines worked over, shewing position 
of Baguley East signal-box, which has been eliminated by the transient track circuit installation. 
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Notable features. 


An important feature of this installa- 
tion, which, it is anticipated, will be the 
forerunner of several others in different 
locations, is that both up and down lines 
are completely track circuited and indi- 
cated in the signal boxes at each end of 


the section. Another feature is that- 


Fig. 2..— Diagram of the transient track circuit 
Inset is a diagram illustrating the normal operation of the transient track 


direct current, controlled by a new and 
improved arrangement, is used instead 
of alternating current for the transient 
« sweeping », resulting in a higher de- 
gree of safety by improving the <« train 
shunt » and also greatly simplifying the 
circuits and apparatus generally. In 
fact, it would appear that the transient 
track circuit system in this, its latest, 
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aguley and Northenden, Cheshire Lines Committee. 
product of the Automatic Telephone Manufacturing Co., Limited, of Liverpool. 


form is quite as easy to understand ‘and 
maintain as the ordinary continuous di- 
rect current track circuit. The basic 
principle of the system, which was ori- 
ginally described in the 9 September, 
1922, issue of ,Modern Transport, and 
has since been considerably improved 
and simplified, lies in the momentary 
application of current to the track, 


TRANSIENT TRACKA#-—_—7~__~---~ ~~~ 
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which, if unoccupied, will permit the 
current impulse to pick up a relay. 


Advantages. 


The chief advantage claimed for tthe 
system is that current is only applied to 
the track rails for approximately ten 
seconds for each train passing over the 
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track. Taking an average therefore of, 
say, 120 s aday, current is flowing 
for only ten seconds per train, or twenty 
minutes ep the whole Sees hours, 


instead of continuously, The principle is 


best explained by reference to the typic- 
al diagram given as an inset in fig. 2, 


to which the following is an index : 


“OPERATION. — 
; Sigil > jy at Requires : 
or &e ‘i Lever 24, ey ike tracks 4] and 42 clear . Tec 


2 apts oak tracks Al and 43 clear‘and signals W and X at 
aes « danger ». Reise edhe Sees Los 8 


Automatically 
replaced by : 
Tracks 4] and 42. 


Treadle Tl, and tracks 


ore gre put normal and again reversed. i tN, Senge aernrees _ Al and 42. 
—— X. Signal W « off», provided X has ot sendy en ped 
ot = caution » . eon sla emey Ws) aa t Treadle T2. 
— W. Lever 20, « line clear » given, fake Az me cleat : 
GS Sas nn¢ again be lowered unless lover 20 is put to normal : an 
‘ a ; "and again reversed and « line cleat » given) >. Ur Sng “Treadle-T3s 
Bay _ Lever 1, peter: ay eee nx 
* . eae a8 | oS Ci . aes Track 44, 
poir over 9 eve, sgn its ae eaneeL y ig 
Birra Pisces mS he as Track 44. 


Pee et | | 


| Treadle TB. 5 
3 Method of working. 
aR “To release lock V on signal lever it se 
We neces ry to press and imm SWegey. 
bs oa W, con- lease push contact P, which closes the — 
a of track circuit of battery U through the line 
Rae es wire and relay Y, The normal current 
ree th oe eae battery Z being thus considerably — 
ie at. ne to lift nented, the armature of Y picks up 
a; Bl oe ey closes the local circuit of the switch 
Saga has relay T through contacts 3. The arma- 
ho sed. Thelever ture of T picks up and closes contact 2, 
s ‘by the transient . and. the electrolytic valve (which is in 
oe locked by elec- parallel with relay T) stores up current. 
Bat ‘track indicator At this stage no current flows from the 
FR oe 55 fee track ‘feed battery, as contact 4 is bro- 


i on b pane Ze : ken. Immediately the plunger is releas- 
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ed, however, relay Y drops its armature 


and closes contact 4; relay T still holds 
up its armature owing to its energisa- 
tion by the stored up current in the elec- 
trolytic valve. Current will now be fed 
to the transient track circuit through 
contacts 2 and 4 until the electrolytic 
valve is sufficiently ‘discharged to re- 
lease the armature of relay T. The track 
being clear, the direct current relay T 
will close the local circuit for the lever 
lock V, as well as restoring the track 
indicator to the « clear » position. The 
transient track circuit may be energised 
for any duration of time according to 
requirements, usually from three to ten 
seconds, the time period being adjust- 
able either by the capacity of the electro- 
lytic valve or the weight of armature of 
relay T. 


Constant indication. 


Constant indication is provided for by 
means of a track jndicator having two 
separate windings, the 10 ohm winding 
normally maintaining the < clear > indi- 
cation by current from battery Z. The 
track indicator falls to the <« blocked » 
position, either when push contact P is 
depressed (thus breaking the circuit at 
contact 5) or upon a train passing over 
the insulated rails X or W, and thereby 
short-circuiting the 10 w. winding of the 
track indicator. The track indicator, 
having once fallen to < blocked >, cannot 
be restored tothe < clear > position until 
the 20 ohm winding is energised, which, 
of course, can only happen when relay T 
picks up when the transient track is 
clear. This form of transient track cir- 
cuit functions automatically when trains 
pass in either direction over the track. 
The short-circuiting of rails X and W 
causes the apparatus and the track indi- 
cator to function in exactly the same 
manner as when push contact P is oper- 
ated. A train: entering the track at 
rail W will drop the indicator to <« block- 
ed », and when the last pair of wheels 
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have cleared rail X the track circuit will 
be « swept » behind the train by a tran- 
sient current impulse which picks up re- 
lay 7 and restores the indicator. to the 
« clear > position. 


C. L. C. installation. 


The purpose of the new installation on 
the Cheshire Lines is to provide the 
possible indication of the state of the 
section between the two controlling 
signal. cabins, as well as_ providing 
complete track circuit control for all 
signals. Referring to the large diagram 
(fig. 2), it will be seen that tracks A1, 
A2, A3 and A4 are all « transient », the 
remainder of the track circuits 41, 42, 
43, 44 anid 45 being of the ordinary con- 
tinuous current type. The ‘transient 
tracks Al, A2, A3 and A4 each average 
one mile in length, which is, of course, 
far from abnormal in the case of a tran- 
sient track circuit. Nevertheless, owing 
to low ballast resistance in this locality, 
it would have been necessary, if conti- 
nuous track circuits had been employed, 
to cut up each of these tracks into four 
sections, thus making sixteen separate 
track circuits instead of four, with the 
resulting considerable increase of bat- 
tery maintenance. All the former me- 
chanically-operated signals throughout 
the section, including the distant signals 
at Northenden and Baguley, are electric- 
ally operated by battery signal machines, 
It was considered necessary, in view of 
the fact that the starting signals are au- 
tomatically put to danger by the passing 
of the train, that the distant signals on 
both main and branch lines at Northen- 
den should be slotted with the down 
starting signal and that the up distant 
should be similarly slotted with the up 
advance starting signal at Baguley. This 
arrangement, which, of course, entails 
extra cost, is not by any means essential, 
but has been adopted solely as an addi- 
tional safeguard. The arrangement is 
clearly indieated on the diagram. 
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Control of signals. | 


The starting signals on each road are 
directly controlled by a transient track 
circuit up ito the next intermediate stop 
signal, and by an overlap continuous 
track circuit 440 yards in advance of 
the stop signal. The intermediate stop 
signals, in their turn, are controlled by : 
a) A transient track circuit extending 
up. to the clearing point of the section; 
b) an overlap track circuit for the sec- 
tion in rear, and c) the indication of 
« line clear >» on the block instrument. 
The intermediate distant signals are con- 
trolled by the intermediate stop signals; 
but, in addition, a special stick relay cir- 
cuit is provided. This is the means of 
preventing the distant arm from being 
lowered consequent on the lowering of 
the corresponding stop signal for a train 
which has previously passed the distant 
signal in the < on > or <« caution » posi- 
tion, and been brought to a stand at the 
stop signal, 


Audible indication. 


Each of the two boxes is provided with 
a trembler bell, which rings automatic- 
ally when a train passes the intermediate 
signals, when < train on line » has not 
been given, and can only be stopped by 
the pegging of « train on Jine » by the 
signalman in the ¢abin in advance. In 
this manner ‘the bell ensures that the 
indication « on line > is given for every 
train in accordance with the block tele- 
graph regulations. 


Visual indication. 


One of the most interesting features of 
the new installation is the ingenious 
type of diagram (shown in figure 5), with 
which. each box has been equipped, and 
which, we believe, is unique*in so far as 
existing practice is concerned. The dia- 
gram itself forms the front of a small 
cabinet, fixed in line with the signal- 
man’s eye, and containing all the relays 


operating the system which would nor- - 
mally have to be housed in a separate 
cabinet in the signal box. All the wir- 
ing from ‘the outside is brought on to 
one complete terminal board inside the 
diagram case, and all local wiring to the 
various control and indicating relays is 
also arranged within the case. Views 
of the cabinet are given in figures 3 
and 4. 


The diagram. 


The diagram is not of the illuminated 
type common to most power installa- 
tions, Models of the signals are super- 
imposed and fitted with working arms, 
whilst the lettering is stamped on brass 
plates, which are screwed on to the dia- 
gram face, the whole effect being one of 
neatness and durability. The track cir- 
cuits are indicated by means of alumi-~ | 
nium rollers mounted on specially de- 
signed miniature ball bearings; these 
rollers extend throughout the length of 
each track circuit, and expose either a 
white or red segment through slots in 
the face of the diagram. Each roller is 
connected ‘by a link to an arm which, 
in turn, is connected to the armature of 
its respective track relay mounted im- 
mediately above.- The track, or repeat- 
ing, relay from any particular track cir- 
cuit thus provides its own indication, 
and by this ingenious system the use of 
separate indicators, with their extra wir- 
ing and separate battery, is avoided. To 
complete the arrangement all the arm 
repeaters, which are also fitted with ball 
bearings, and light indicators have also. 
been brought into the diagram, with the 
happy result that the whole of the cabin 
wiring (with, of course, the >xception of 
the connections to lever contacts), the 
track relays and track indicators and 
light and ‘arm indicators are not only 
concentrated into one case, but actually 
work directly in the diagram, thus dis~ 
pensing with a row of separate indica- 
tors on the cabin shelf. 
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Success of the installation. 


We understand that so far the new in- 
stallation has given every satisfaction 
and has answered the exacting require- 
ments of this very busy section of line, 
which is on the through route to Liver- 


pool, followed by the goods traffic of the © 


London & North Eastern and by a large 
proportion of that of the London Mid- 
Jand & Scottish Company, besides hav- 
ing to accommodate a _ considerable 
passenger traffic. Subject to confirma- 
tion consequent upon the satisfactory 
working of the system alt the end of three 
months, the Cheshire Lines Committee 
have provisionally authorised a further 


installation, and others will follow at 
intervals unitil the railway is equipped 
with possibly a dozen such installations. 
By the elimination of a similar number 
of signal boxes iit will be possible to 
effect considerable savings, which in 
two or three years will more than cover 
the capital cost of the installations. One 
additional technical man alone will be 
needed to supervise the working and 
maintenance of the new equipment. The 
Committee are indeed ‘to be commended 
on their enterprise in tthe prosecution of 
methods capable, not only of yielding 
substantial economies, but also of facili- 
tating the movement of traffic over busy 
sections of line. 
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Compensation of grades on railway curves in Australia, 
By Haro.p Surciirre MORT, B. Se. B. I. 


ASSOCIATE MEMBER OF THE INSTITUTION OF ENGINEERS, AUSTRALIA. 


Figs. 1 to 5, pp. 103) to 1037. 


(From the Transactions of the Institution of Engineers, Australia.) 


General effects of curve resistance. 


Knowledge of the effects of curve re- 
sistance is deficient, owing to the lack 
of exhaustive investigation, the subject 
being one which cannot be dealt with 
satisfactorily in the laboratory, and ex- 
periments on running track are both 
difficult and costly. 

The chief cause of curve resistance is 
friction, due to the slipping of the wheels 
on the rails, while other causes tending 
to vary it slightly are centrifugal force, 
acting on the car as a whole, and a force 
due to the obliquity of traction. 

Wellington has shown (4) (p. 282) that 


() Economic theory of railway location, by 
A.M. Wetutneton, 6th. Ed., 1914. 


the position of a 4 wheeled truck round- 
ing a curve is as shown in figure 1, the 
flange of the front outer wheel in con- 
tact with the rail and the flanges of the 
other wheels not touching the rail (ex- 
cept when the wheel base is excessively 
long in relation to the radius of curva- 
ture), and the rear axis radial to the 
curve, this position being unaffected by 
superelevation. Here the distance a is 
equal to the versin: of the chord 21. 
The slipping is (1) longitudinal, due 
to the difference in length of the in- 
ner and outer rails, which is equal to 
g 
fe . 
ping, due to the pressure of the rail 
on the flange of the front axle only, 


x distance travelled, and (2) lateral slip- 


a i Bi es Em Oe ee eee ee 


) 


Theoretically both wheels should slip 
longitudinally, but actually the wheel 
which first begins to slip will prob- 
ably continue to do so, as the coeffi- 
cient of friction when in motion is less 


Fig. 


A full discussion of the mechanics of 
curve resistance may be found in Wel- 
lington (op. cit.) chapter VIII. Among 
his conclusions are the following : 


« Obliquity of traction and the length 
of the train have very little effect in mo- 
difying curve resistance. 

« Centrifugal force tends to increase 
resistance, while superelevation tends to 
decrease it, but in both cases the effect 
is very small. 

« Rail wear and curve resistance are 
practically proportional to degree of 
curvature, where the condition of the 
track is similar; but as ‘the outer rail 
is worn away to the shape of the flange, 
both rail wear and resistance increase. 

« With all in order curve resistance 
may be as low as 1/3 lb. short ton 
(0.37 Ib. per ton), per degree of curve, 
while with worn. rails it may reach 
double that amount. 

« Curve resistance per degree of curve 
is probably less on sharp than on flat 
curves, and is greater at low than at 
high speeds. é' 

« For a given wheel base, the resis- 
tance increases slightly with the gauge, 
and for a given gauge it increases consi- 
derably with the wheel base. » 


The increase of friction with wear of 
rails is shown clearly in figure 2, where 
it will be seen that, when rail and wheel 
are new, there is only a point contact 
between them, while when they are worn 
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than that at starting. The longitudinal 
slipping is increased by the tendency of 
the outer wheel to climb on the rail, 
thereby increasing the diameter of the 
portion in contact with the rail, 


a; 


(shown by dotted lines), there is line 
contact. 


The minimum amount of curve resis- 
tance may be taken as 0.37 lb. per ton 
per degree of curvature; this is equiva- 
lent to a grade of 0.11 foot per chain, 
or 1 in 6000. A one degree curve has 
a radius of 86.828 chains, and the radii 
corresponding to other degrees of cur- 
vature may be found by dividing this 
numiber by the number of degrees; this 
will be ‘sufficiently accurate for all 
curves up ito 20°. 

On most grades the effect of curvature 
will be averaged by momentum, so com- 
pensation may be dispensed with, but on 
the maximum grade this cannot be per- 
mitted, and ample reduction of grade 
should be provided, especially near sta- 
tions. The principal reason for this is 
that on heavy grades-the speed is low, 
especially near the top of the grade, and 
the momentum. consequently small, so 
that if any extra resistance (e. g., a head 


a: =2 P a aa ey ae eee 
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Be or badly worn se is met aie Amount of compensation. 
eee BAY ae ane 4 ee oes The actual resistance on curves is not 
at onstant quantity which can be found 
oe ately, so that the amount of com- 
rise Pensation necessary may vary between 
would fairly wide limits. The object of com- 
_ pensation is to equalise to the best of 

le resistance on curve and 
aight so that the train is no more likely 
stall on one than on the other. It may 
dvisable to increase the rate on very 
nes, hae on lines with only 


ree of curvature, and 
ei abon, 19 for - 
; Rail “(which 


«Comp ie shall ay alow fe: 
‘ves con Biatehe curve being consi- 

ere: tees of 1 in 

is is the eee tere 
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With regard to sharp curves, Welling- 
ton “says (p. 305) : 


« While so obscure a point cannot be 
considered as established by the exist- 
ing experimental evidence, all the more 
trustworthy existing evidence seems to 
combine with theory to indicate that 
curve resistance per degree of curve is 
very much greater on easy curves than 


on sharp curves; so that when the re- 


sistance is 1 lb. per ton for example, on 
a 1° curve, it may be 6 to 8 lb. per ton 
on a 10° curve, and not more than 15 
to 18 lb. per ton on a 40° to 50° curve, » 


This conclusion has been borne out by 
experiments made subsequently on the 
New York Elevated Railway and else- 
where. 

Later (p. 633) he suggests, as a rough 
rule, that ithe rate be reduced by one half 
for the excess over 10°, or if this is ex- 
pressed in a formula and Wellington’s 
figure of 0.05 % per degree for the 
flatter curves adopted : 


C = 0.5 + 0.025 (D — 10) where C is 
expressed in feet per hundred, and D is 
the degree of curvature. 


Note : 


This formula was adopted by the New 
South: Wales Tramways about 1914 and 
has been used ever since, the question of 
sharp curves not having been considered 
when the formula for railway curves 
was revised in 1922, and as no new tram- 
ways have been built since then, it has 
not again arisen. To bring the tramway 
practice into line with that of the rail- 
ways, Wellington’s rough rule should be 
adhered to, but 0.035 % substituted for 
0.05 % per degree of curvature. This 
would also apply ito railways with curves 
of less than 8 chains radius. 

In dealing with trams, or multiple unit 
electric trains, no loss of power is expe- 
rienced, due to obliquity of traction on 
curves, as each truck is driven by its 
own motor. The effect of this, though 
small, is to lessen the curve resistance, 
a further factor in the case of trams 
being the shorter wheel base. 


Another method of expressing the com- 
pensation is as follows : 


Compensation per chain = 0.07 § 
where § is the tangential angle (express- 
ed in degrees), for an arc one chain in 
length. 


§ = 28 6479 —R where R is expressed in chains. 


§ = 1890.76 —r where 
Where the curve is expressed in degrees 
If R = radius in chains 
D = curyature in degrees 
100 lke 1 
Bo eat ay 


in the case of flat curves, where the dif- 
ference between arc and chord is negli- 
gible, 


Tangential angle for radius R is —— 


R=—_ 


180 
2Rr 
Substituting for R, 

180 66D 


* ie0 x 100 7 


r is expressed in feet. 


so that the compensation per chain be- 
comes 0.0231D feet, and the compensa- 
tion per cent 0.35D. 


Taking the formula adopted by the 
New South Wales Railways, 


Hinds ime or 
in = iin =D Wer 0% 


giving 0.0349 % per degree of curvature. 


In New South Wales, curves of 60 chains 
radius and over are not compensated, as 
the extra resistance is ~ negligible com- 
pared with the variation due to inequa- 
lities in the track, worn rails, head 
winds, ete. 
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Allowance 
in the field for compensation. - 


By expressing the compensation as 
0.07 9 foot per chain, a very simple meth- 
od is obtained of roughly allowing for 
compensation while carrying out a pre- 
liminary traverse. The rule is as fol- 
lows : 


Set the instrument for the angle of de- 
pression, or elevation, for the grade re- 
quired (uncompensated). 


Divide the deflection of the horizontal 
angle, expressed in degrees, by 30. 

The result will be the correction, in 
feet, to give the level of the compensated 
grade, irrespective of distance. 


Example: Take the traverse OABCDEF 
(fig. 3) for a curve on a falling grade of 
1 in 110. 


Set the theodolite at tan-t aw 
0°31/20” depression. 


Fig. 3. — Running a grade by angular elevation or depression allowing for compensation. 


The deflection angle at A is 40°, so that 
the correct level of B will be 1.33 feet 
above the line of sight. 

The deflection angle at B is 40°, mak- 
ing a further correction of 1.33 feet at C. 

At C the deflection angle is 30°, and 
the additional correction at D is 1 foot. 
At D the deflection angle is, 20°, and the 
additional correction at E is 0.66 foot, 
making a total correction of 5 feet. 

The grade may ‘be corrected to the 
proper level at whatever stations are 
most convenient. 

After plotting the traverse given in the 
example, it is found that a 16 chain curve 
fits the location best. -The length of this 
will be about 42 chains and the compen- 
sated grade 1 in 139, giving a total fall 
of 19.95 feet, — the difference being 5.25, 
as against.5.0 by the field method. 

Where the country is heavily timbered 
or undulating, so that it is not convenient 


to run a grade with the instrument, the 
grade can be obtained by levelling along - 
the traverse; the compensation may then 
be allowed for ‘by using the deflection 
angles as explained above and the cor- 
rection made on the ground at short in- 
tervals. 

For curves less than 8 chain's radius, 
the compensation found by this method 
will be slightly in excess of what is re- 
quired. : 


Compensation on transitions. 


It will be clear from the above that the 
total compensation depends on the angle 
turned through, and is independent of 
both the radius of curvature and the rul- 
ing grade. This greatly simplifies the 
process of compensating - where the 
radius is changing, as on transitions, 

The correct rate of compensation per 
chain, to use on transition, may be found 


ee TSS hl 
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by dividing 0.7 ® (+), expressed in de- 
grees, by 20 times the length of the tran- 
sition, or roughly by dividing ® -by 
30 times the Jength of the transition. 
E. g.,0n a 4 chain transition to a 15 chain 
curve; ® = 7.8072, compensation per 
chain = 0.065. 


In New South Wales the standard length 


of transition is 4 chains, which is less 
than the normal train length, so that 
there is no objection to spreading the 
compensation evenly over the transition. 

In practice changes of grade are made 
only at chain pegs and as the radius of 
curvature at the end of the first chain 
of the transition is over 60 chains, it is 
sufficient to apply compensation on the 
transition for three chains, beginning at 
the first chain peg after the tangent points 
and changing to the compensation cor- 
responding to the radius of the circular 
curve at the last chain before the tran- 
sition. 


To take an example : — On a 16 chain 
“curve with a 4 chain transition the chain- 
ages are 
k T. Po 1623.12 
Trans 2023.78 
> 2954.35 
To Oooo. Ul: 


the uncompensated gradient being 1 in 


110 


The grade of 1 in 110 will be continu- 
ed to 17 chains; from 17 chains to 
20 chains the grade will be 1 in 124; 
from 20 chains to 30 chains the grade 
will be 1 in 139; from 30 to 33, 1 in 124; 
and from 33 chains onward 1 in 110. 

This practice has been adopted in the 
past in the case of several New South 
Wales lines, but it is doubtful whether 


it is worth while to change the grade so. 


frequently, when owing to the length of 
the train being distributed over the cir- 
cular curve, transition and straight, it 


(1) ® is the angle between the tangents at the 
ends of the transition. See The Cubic Parabola, 


as applied to the easing of citcular curves .on 


Railway Lines ; hy C.J.Merrriecp, P,R.S.,N.S.W 
Vol. xxix., 1895, p. 54. 


would probably serve the purpose equal- 
ly well*to compensate as for the circular 
curve, from say, the second chain peg 
before the circular curve to the second 


_chain peg after — an average of three 


chains on the two transitions. . 

As, however, experiments have shown 
that the resistance is considerably great- 
er on the earlier part of the curve, a 
more satisfactory method of dealing with 
transitioned curves would be to com- 
mence the compensation on the last 
chain peg before the tangent point at the 
downhill end of the curve and continue 
it to the upper transition point. This 
would provide a slight momentum effect 
to overcome the greater resistance on the 
earlier part of the curve. 

When the transition is less \than 
4 chains in length, the rate of compen- 
sation is that given in the tables for the 
circular ‘curve, and extends from the 
first chain peg past the near tangent 
point to the last chain peg before the far 
tangent point. 

For the preliminary grading in the 
field, it is customary to allow the full 
compensation for the whole length of 
the curve between tangent points, the 
object being to allow a little latitude 
when the line is being finally graded in 
the office. 

In some railways the rate of compen- 
sation is varied with the gradient, e. q., in 
Mexico, where the rate varies from 
0.06 % per degree on 1 in 140 to 0.04 % 
on 1 in 50 but as the extra resistance is 
independent of the grade, the reason for 
this is not apparent. 


Effect of stoppages. 


If the line is unfenced, the train may 
have to stop at any place owing to stray- 
ing cattle. The extra resistance at start- 
ing varies, of course with the weather 
and-track conditions, but may be taken 
as equivalent to a rise of 0.22 foot per 
chain. This must be borne in mind 
when grading unfenced lines or station 
sites, as otherwise it mgy mean a reduc- 
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tion in the maximum load for that por- 
-tion of the line. 

Figure 4 shows ata _ glance the grade 
to adopt at station sites for any ruling 
grade. 


Graphic method. 

The rate of compensation and com- 
pensated grade may be found graphic- 
ally from the curves in figure 5. Here 
the ordinates represent the rise or fall 
pér-chain (in feet); in the curves AA, BB 
the abcissz represent the radius of cur- 
vature, and in the curves CC, DD, EE 
they are the denominators of the fraction 
representing the grade. 

To use the diagram, take the length of 
the ordinate on the curve A, B corres- 
ponding to the radius of the curve, and 
with a pair of dividers subtract it from 
the ordinate corresponding to the ruling 
grade on the curve C, D, E. The re- 
mainder will be the rise or fall per chain 
on the compensated grade, and the grade 
corresponding to this will be found on 
the curve C, D, E. 


For example, — A curve of 10 chains 
radius has an ordinate 0.200; subtracting 
this from 0.66, the ordinate for a ruling 
grade of 1 in 100, the remainder is 0.46, 
which is the ordinate on DE correspond- 
ing to a grade of 1 in 144. 


Tramways. 


In the case of tramways, the compen- 
sation allowance in the past has been 
that given by the formula 

C= 05 + 0.025 (D — 10), 
but in the case of sharp curves this is 
excessive. The reason of this is that the 
formula used depends on the degree of 
curvature, i. é., the central angle subtend- 
ed by a chord of 100 feet, whereas tthe 
compensation necessary depends on the 
angle turned through which is propor- 
tional to the angle subtended by an arc 
of 100 feet. For flat curves the differ- 
ence between the arc and the chord is 
small, and may be neglected, but when 
the radius is, say, 3 chains or less, it is 


appreciable and rapidly increases as the 
radius diminishes, until with a 66 foot 
curve the extra compensation due to the 
difference is 3 inches per chain. 

The transition being short — usually 
about 40 feet — the curve may be com- 
pensated from about the middle of one 
transition to the middle of the other. 
As the distance between the centres of 
bogies on most of the 8-wheeled cars is 
over 20 feet, there would never be more 
than one bogie at a time on the uncom- 
pensated part of the curve. 

Double tracks are graded on the centre 
line, except in very exceptional circum- 
stances, but when grading, the compen- 
sation and points of change of grade 
should be chosen in accordance with the 
uphill track. 

The effect of compensation on grading 
can be very easily seen by a reference to 
the Balmoral Tramway. Between the 
39 chain peg and the 1 mile 11-chains 
peg there is a length of 52 chains of 
which 48 chains is on the ruling grade 
and 41 chains on curves. The totalcom- . 
pensation for curvature on this portion 
is 28.57 feet, necessitating a lengthening 
of the line by over 6 chains, As the cost 
per chain of this portion was, roughly, 
£600, the extra capital cost was about 
£3 600 in a little over half a mile of track. 

If this amount of compensation was 
necessary, of course the money was well 
spent, but if, as is probable, the allow- 
ance now adopted for railways can be 
extended to tramways, the compensation 
necessary would have been only 20 feet, 
and two chains, or £1 200, might have 
been saved. 

Another example is the Gilmore-Bat- 
low. Railway. Here the total curvature 
on the line is 5 960° in a length of 21 1/2 
miles, an average of 277° per mile, or 
leaving out the first seven miles, which 
are fairly level and straight, the remain-_ 
der has a total curvature of 5 500°, or an 
average of 374° per mile. As this is equi- 
valent to a uniform curve of 12 1/2 
chains radius for 14 1/2 miles, it can be 
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seen that it is important from an eco- 
nomical point of view, to keep the 
amount of compensation down to what 
is absolutely necessary. On one part of 
this line in a length of 6 miles 12 chains 
with a ruling gradient of 1 in 25, and 
curves as sharp as 5 chains, the total 
compensation is 137 feet, which means 
that in order to compensate for curva- 
ture the Jine has to be lengthened about 
52 chains, at a cost of approximately 
£8 000. This compensation was based on 
the old table, but had the new table been 
in operation when the line was-built, the 
compensation would have been 96 feet 
corresponding to a length of 36 chains. 
Although it does not follow that this 
length could be actually saved, it is cer- 
tain that the cost could always be reduc- 
ed by reducing the compensation allow- 
ance, and where it is necessary to de- 
velop length in order to reach the sum- 
mit of a grade, as is the case on many 
of our lines, the whole cost of the extra 
length would be saved. ‘ 

This emphasises the necessity of know- 
_ing, as closely as it is possible ito dis- 
cover it, the amount of compensation 
which will equalise the resistance on 
curve and straight. This can be inves- 
tigated very easily in the case of electric 
tramways, by fitting up a car with a re- 
cording watt meter and speed meter, and 
noting the variation in power or speed 
over a length of uniform grade. Tais 
would be a comparatively inexpensive 
matter, and the results would -probably 
repay ‘the cost of the investigation. 

The configuration of Sydney, especial- 
ly on the north side of the harbour, is 


‘ such that almost every tramway built has © 


a considerable length of ruling grade 
from the water to the highlands, and 
compensation is always a serious matter. 

The question of investigation in the 
case of railways is rather different. In 
the first place, the conditions for the 
flatter‘curves used in railways have been 
more thoroughly- investigated in other 
parts of the world, than those for sharp 


curves, so that although local weather 
and atmospheric conditions may vary 
the practice to be adopted for best results 
in different countries, the need for local 
investigation is not so pressing. In ad- 
dition to this the difficulty of obtaining 
good results is greater. The two prin- 
cipal ways of measuring the power used 
in overcoming friction in trains, are by 
the use of a properly equipped dynamo- 
meter car between the engine and the 
train, and the accelerometer method, 
were the train is allowed to run down 
an incline by the force of gravity, and 
the acceleration measured. The latter is 
a satisfactory. method on gentle grades, ° 
but on grades such as are usual in New 
South Wales it is necessary to apply 
the brakes, making the ratio which 
track resistance bears to total resistance 
very small, As what we wish to measure 
is change of track resistance due to 
curves, it is easily seen that the varia- 
tions as shown on an autographie dia- 
gram will ‘be too small for accurate mea- 
surement. ‘For the dynamometer method 
of test, a properly equipped car is neces- 
sary, and although most large railway 
systems have these, none has yet been 
built for the New South Wales Railways. 

Still, although it may not be thought 
worth while to carry out any experi- 
ments in this direction at present, it 
should be borne in mind ‘that if it be 
decided to do so, there is. an ideal testing 
ground. Between Dubbo and Werris 
Creek is a length of 9 miles of ruling 
grade, compensated on the 0.05 % basis 
for a grade of 1 in 100. On the same 
line there are several stretches of 3 to 
4 miles of 1 in 100 uncompensated. 

Practice in other States. 

In addition to the information given 
in table I, the practice of the other 
States, in one or two minor matters, may 
be mentioned. 

No other State, except Tasmania, makes 
any difference in the rate of compensa- 
tion for sharp and flat curves, 

Western. Australia and Queensland 


re pay i 8 ak ie 
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compensate all grades; Tasmania all up 


to 1 in 80; South Australia all up to 1 in. 


200; New South Wales, Victoria, and New 
Zealand only ruling grades, while the 
matter is still under consideration in the 
ease of the Commonwealth. 

In Queensland, certain experimental 
work has been done both by dynamo- 
meter and accelerometer methods, but in 
neither case were the results entirely 
Satisfactory, although the opinion was 
formed that 0.04 % was, if anything, on 
the high side. 

In Victoria and Tasmania, tests ive 
been made which show the compensa- 
tion used in those States to be as nearly 
as possible correct. 

In Queensland the question of compen- 
sation on roads has received attention 


from the Main Roads Board, and compen- | 


sation adopted on all curves of over 30° 


in length on grades of 5% (1 in 20), which 
has ‘been adopted as the ruling grade. 
The amount of compensation varies from 
0.04 % on a 1000 foot curve to 1.28 % 
on a curve of 80 feet radius. This has 
been found necessary as the loss in work 
for a long animal team on a curve is 
greater than that for any other power. 

The case of a motor car was also 
investigated, but the loss was found to 
be much less than with a bullock team. 

In conclusion the author desires to 
express his thanks to the Engineers of 
the various lines of the Commonwealth, 
the States and New Zealand, and to 
Mr. Crawford of the Queensland Main 
Roads Board for information supplied; 
also to the Railway Commissioners of 
New South Wales for permission to_ 
publish many of the figures quoted in 
the paper. 


APPENDIX. 


Table I gives the gauges, rate of compensa- 
tion, steepest grade and sharpest curve on 
the railways of the Commonwealth and New 
Zealand, 

: Table I-A gives a comparison between the 
- actual amounts of compensation adopted on 


the different systems for all curvatures used. 


Note, — In calculating the tables in this 
paper, the term « Degree of curvature » has 
been taken to mean the angle subtended by 
an are of 100 feet in every case. 


4 
: TABLE I. 
5 s Amount of compensation, Steepest Sharpest 
4 Nace ; in feet. grade. curve. 
eat \ r 
4ft.84/2in.| 0.04 per 100 feet per degree of 4 in 80 20 chains. 
pone vesttlt cs } 3 ft. 6 in, ceuircds fin5i() |. 10 — 
New South Wales: | 0:05 «) 3 of : 
Existing lines . ‘ o per degree of curvature. ree 
’ New lines: . ASG is 84/2 in.) 0.096 «f° _ _ aah : 
Seer \ 5 ft. 3 in. o —- -—- = in = 
[ Vietoriac .. + 3 ft. 6 in 0.035 ofe i ee ss. | 400 feet 
’ . 5 ft. 3 in 3/Rit. per ch. ) where R is the 4 in 89.6(?)| 10 chains 
Soatls Australia, -. 3 ft. 6 in 2/Rft. per ch. § radius in chains eos 7 — 
Western Australia | 3 ft. 6 in 0.04 °/> per degree of curvature. - 1 in 30 5 — 
Queensland . 3 ft. 6 in Ole tia me 4 in 25 5 — 
Tasmania. .... | 3 ft. 6 in. piped 1 in 32 Cee 
New Zealand . 3ft.6in. | 0.04/o per degree of curvature. | in 35 5 -— 
(1) Actual grade is 1 in 60, uncompensated on a 10 chain curve. 
(2) Actual grade is 1 in 45, uncompensated, 
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TABLE I-A. 


Comparison between lines of the Commonwealth, the various states and New Zealand. 


Commonwealth ereioEta: 
South Australia, | New South Wales, | ‘New Zealand, Nee Soul ries 
Diane coc ft. 3 in. gauge. existing lines. Western Australia, | south Australia, 
Queensland. 3 ft. 6 in. gauge. 
Compensation : Feet per chain. 
5 0.600 0.454 0.460 0.403 
6 0.500 0.404 a Ve 7 ae 0.335 
7 0 429 0.370 0.328 0.287 
8 0 875 0.344 0.287 "0.254 
9 0.333 0.319 |. 0.255 0.223 
10 0.300 0.287 0.229 0.200 
44 0.273 0.264 ° 0.208 0.4182 
42 0.250 0.239 0.4194 0.167 
43 0.234 0.220 0.176 0.454 
44 0.244 0,205 0.164 0.143 
45 0.200 0.194 0.453 0.4134 
16 0.187 0.4179 0.143 0.125 
48 0.167 0.159 0.427 0.414 
20 0.450 0.143 0.445 0.400 
22 0.136 0.430 0.4104 0.094 
24 0.425 0.419 ~ 0.095 0.084 
25 0.420 “0.415 0.092 0.080 
26 0.445 0.140 0.088 0.077 
28 0.107 0.402 0.082 0 072 
30 0.400 0.095 0.076 0.067 
33-90 0.086 0.082 0.065 0.057 
40 0.075 0.072 0.057 - 0.050 
45 0.067 0.064, 0.054 S - 0.045 
50 0.060 0.057 0.046 » 0.040 
55 0.054. 0.052 0.042 0 036 
60 "0.050 0.048 0.038 0.038 
eg Ea a 
() Calculated from formula C = [0.5 -+0.025(D—10)] < 0.68. aris i 
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In view of the large electrification prob- 
Jems in hand, the French railways are testing 
out various types of electric locomotives, in 
order to develop permanent standards suitable 


a. 
_ Two of these machines have been built at the 


de France, for the Midi Railway Company of 
_ France, and have been running satisfactorily 
for some time. A speed of 75 miles per hour 
has been maintained with ease in ordinary 


Fig. 4. — General view with side panels removed. 


_ Tarbes works of the Constructions Electriques 


MISCELLANEOUS INFORMATION 


1. — Express electric locomotive for the Midi Railway Company of France. 
Figs. 1 to 3, pp. 1041 to 1045. ; 


(From Engineering.) 


to their traffic. The express electric locomo- 
tive illustrated in figures 1 to 3, is an in- 
genious, and, it is reported, successful attempt 
to deal with some of the problems involved. 


working, while 93 miles per hour has been 
recorded in trial runs on which no ab- 
normal vibration or oscillation was apparent. 

As will be seen from figure 1, the design 
embodies three pairs of driving wheels. The 
‘normal horsepower transmitted is 789 per 
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axle. This can be increased, when necessary, 
to 986 H. P, per axle. To provide a torque 
of this magnitude on one axle would have 
involved a very large motor with, in conse- 
quence, difficulties in arranging accommoda- 
tion for the driving gear between the main 


Diameter of driving wheels. 

Diameter of bogie wheels 

Distance between centres of bogies . 
Distance between bogie wheel centres 
Total wheel base . 

Distance between driving woe pantres: 


frames. Reference to figure 3 indicates very 
clearly the arrangement finally adopted, na- 
mely, two vertical-spindle motors for each 
driving axle, or six in all. The principal 
particulars of the locomotives are as fol- 
lows : 


4.750 m. (5 ft. 9 in.). 
0.900 m. (2 ft. 14 1/2 in.). 
9.200 m. (30 ft. 2 in.). 
2.000 m. (6 ft. 6 14/16 in.). 
41.200 m. (36 ft. 9 in.). 
2.000 m. (6 ft. 6 11/16 in.). 


Distance between the bogie wheel centre -and the nearest 


driving wheel centre . / . . . « 
Total length of body . 
Width inside body 
Length over buffers . 3 
Height from rail to top of ae 
Weight on each driving axle 
Weight on each bogie axle . 


Weight availaple for adhesion. . . . . 
Total-weight.; sf; seus alent aerate 
Drntwpan pull aes cor pee eaten ae ree ones 


The driving connection between the motors 
and driving wheels is by means of a quill. 
In this drive, the axle is allowed a certain 
amount of movement relatively to the quill, 
the only stress transmitted being that of the 
torque. The quill, which is 320 mm, (12 5/8 
inches) in external diameter in the journals, 
and 270 mm, (10 1/2 inches) in internal diame- 
ter, has fixed to it at each end a disc provided 
with four projecting arms. Between this disc 
.and the driving wheel, is a loose ring carrying 
fourlugs, Two of these lugs are connected with 
the quill disc, and two with the driving wheel. 
This connection consists, in each case, of a 
pair of helical springs which are shown in 
figure 2. These abut against the short arms 
of the quill disc at two opposite sides of the 
ring diameter, and against bosses on the driv- 
ing wheel at the other two sides. Ball and 
socket joints are provided at all eight ints 
of contact. 

The power is transmitted through the springs. 
The whole arrangement is very flexible and 
permits movement of the axle in all direc- 
tions. The quill, of course, runs without end- 
play in its bearings, which are of consider- 


1.600 m. (5 ft. 3 in.). 
43.360 m. (43 ft. 10 in.). 
3.080 m. (40 ft. 4 in.). 
. °44,500 m, (47 ft. 7 in.), 
3.780 m, (42 ft. 5 in.). 
18 metric tons, 
Hiatt — 
54 — 
102 _ 
jie te ele oe 


able width. Referring again to figure 3, in 
the centre of the quill between the two bear- 
ings there will be seen to be keyed a casting 
which carries two bevel wheel rims securely 
fixed to it, back to back. These are of special 
hard steel, not heat treated, and have each 
60 teeth. They each mesh with a 22-tooth 
pinion, of heat-treated chrome-nickel steel, on 
the vertical motor shafts. As the bevel pi- 
nions gear one on each side of a single wheel 
having two faces, they have to rotate in op- 
posite directions. This arrangement obviates 
all lateral thrust on the quill bearings. The 
motors, as stated above, are vertical, and 
each pair is housed in a common stator casing, 
with main and reverse winding. They do not, 
in themselves, call for special comment, except 
that, as the vertical arrangement adopted 
gives plenty of room, they are amply propor- 
tioned and have corresponding high efficiency 
and good insulation. 


The fact of the armatures being well above — 


the axles, and rotating in opposite directions, 
makes for steadiness. The centre of gravity 
is, as a matter of fact, about 6 ft. 2 in. above 
the rail level, which compares favourably 
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with that of 4-4-2 type engines. The period 
of oscillation is lengthened by this high centre 
of gravity, and the opposite rotation conduces 
to better balancing. 

It will further be realised from figure 3, 
that the bevel gearing is completely enclosed. 
This makes forced lubrication possible. The 
motor shaft has bearings at the top and bot- 
tom, and between these extends a sleeve, thus 
providing an annular space round the shaft. 
There is an adjustable thrust bearing with a 
double ball race at the top. Oil is fed into 
‘the ball race casing, whence the upper bearing 
is lubricated. Part of the supply passes down 
a hole drilled in the centre of the shaft and 
into the annular space surrounding it. Hence 
it passes through the lower bearing into the 
gear box, in which a constant level is main- 
tained, so that the gear runs in oil, The quill 
bearings have ordinary lubricating grooves. 
Labyrinth packing is provided, which effec- 
tually prevents the escape of oil at any point, 

The ventilation of the motors may also be 
followed in the same illustration. The shaft, 
is cased in, as explained above, for lubrication 
purposes, but the main easing lies outside 
this oil screen, and into the space between 
them air is delivered by fans. This passes 
upwards, through both armatures and fields, 
and finally escapes through storm-proof re- 
movable cowls on the roof of the lovomotiye. 
Overhead, at each side of the engine, the main 
cables are arranged with the leads to the 
commutators. 

The main frame of the engine is constructed 
of plates 30 mm, (1 1/4 inches) ‘thick, and is 
continuous from one buffer beam to the other. 
It is fitted with outside hornblocks of stan- 
dard pattern, which carry the axle-boxes of 
the three driving axles. The journals: are 
160 mm. by 260 mm, (6 1/4 inches in diam. 
by 10 1/4 inches long) and the bearing brasses 
are fitted with the normal wedge adjustment 
and ordinary lubrication. The axles are 
190 mm. (7 1/2 inches) in diameter in the 
body, so that there is 40 mm. (1 1/2 inches) 
clearance each side between them and the 
inside of the quill shaft. This is ample allow-— 
ance for any possible relative displacement. 
The driving wheels are of the dise type 


1750 mm, (5 ft. 9 in.) in diameter on the 
tread. They are keyed to the axles in the 
ordinary manner, and connected with the quill 
shaft by the flexible coupling already de- 
scribed. 

In addition to the buffer beams and some 
stiffeners, the frames are connected transver- 
sely by six cross bearers. Four of these carry 
the six main motors and some of the auxi- 
liaries while the other two are for the four- 
wheel bogies at each end of the engine. The 


’ bogies are similar in design to those of the 


4-6-2 type of engines on the Midi Railway- 
They have inside axle-boxes and direct sus~ 
pension by laminated springs. The spherical 
centre. is allowed some vertical movement in. 
the bolster on which the weight is carried by 
two cup-shaped bearings. The lateral play of 
55 mm, (2 1/8 inches), which is allowed on. 
each side of the centre line, is damped by two. 
laminated’ springs, each of which is loaded to: 
7.5 t. The engine is arranged with three- 
point suspension, the load being taken by the 
two bogie pivots and by the central group of 
six springs fitted under the driving boxes and. 
coupled by equalising gear. 

The auxiliary equipment is well thought 
out. As already stated, forced lubrication is. 
employed on all the main parts except the 
axle-boxes. It is provided by two independent 
motor-driven pumps, one for normal working 
and the other as a stand-by. The action is. 
automatic, and there is an adjustable valve 
for controlling the circulating pressure, which 
is normally about 8.5 lb. per square inch. 
The temperature of the oil in circulation is 
carefully watched as affording an indication 
of correct working of the main working parts. 
The oil passes through a filter tank during 
circulation. A hand pump is provided for oil 
circulation should the engine have to be towed. 
at any time. 

The main motor ventilation is effected by 
two motor-driven fans. These and the oil 
pumps are shown in figure 2 hetween the main 
motors, and are also clearly visible in figure 1.. 

A motor-driven Westinghouse air compressor,. 
of a capacity of 64 cubic feet of free air per 
minute at about 100 Ib. pressure per square: 
inch, is provided for braking purposes. It. is: 
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controlled by an automatic switch which comes 
into action between 70 lb. and 100 lb. per 
square inch. The air compressor has auto- 
matic lubrication, and is air-cooled. There are 
two brake cylinders, of standard type, for the 
driving wheels, and separate gear for the 
bogies. The position of the blocks is shown 
in figure 1. With the exception of the fans, 
which are driven by motors in series, taking 
direct current at 750 volts, the whole of the 
auxiliaries are supplied with current from a 
15-kw. motor-generator set. This is shown on 


2 


the right of figure 2 above one of the bogie 
bolsters. The motor of this set takes the 
main line supply at 1 500 volts direct. current, 
and drives a generator producing 120-volt cur- 
rent. The set, as a whole, is designed to be 
self-regulating as far as possible, in order to 
produce a steady voltage of 120 in the auxi- 
liary circuits, even should the main current 
fluctuate. The set is started up automatically 
whenever the locomotive is started. The light- 
ing circuit, as well as that of the auxiliaries, 
employs 120 volts direct current. 
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Fig. 3. 


The locomotive is subdivided into several 
compartments. At each end there is a driver’s 


compartment commanding an _ unrestricted 


view of the line. 
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The switch panels are in a separate com- 
partment. The system adopted is of the Eng- 
lish Electric Company’s « cam switch > type, 
actuated by a servo-motor under the control 
of the operator but locked automatically when 
any change has been made. The four circuit 
breakers, grouped in pairs in parallel, are 
also of the English Electric Company’s pat- 
tern. The auxiliary controls are supplied 
with 120-volt current from the motor-genera- 
tor set, the latter being started automatically 
by a contactor switch. 

The starting resistances, of which there are 
three, each enclosed in a separate compart- 
ment, have cast-iron grids with mica insula- 
tion. In order to simplify the connections, 
only two arrangements of grouping have been 
provided, 7. e., six motors in-series, and two 
sets of three in parallel, This will be modified 
in future engines, and a third alternative pro- 
vided to ensure smoother starting. It may he 
noted here that it is also intended to abandon 
the direct-driven fans and to run them by the 
auxiliary current at 120 volts. 

The current is collected by two pantographs 
from a single line at 1500 volts. The contact 
strip is of copper, 4 mm. (0.157 inch) thick, 
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‘and is renewed when worn to 2 mm. (0.078 
inch), This, it is stated, occurs after running 
from 7500 to 9300 miles, A third panto- 
graph, situated in the middle of the locomo- 
tive, is provided as a stand-by. 

The principal dimensions have already been 
given in the table, and are also shown in 
figures 2 and 3. The normal total horse-pow- 
er is 2367. This can be increased to 2 958 if 
necessary. The weight on each driving axle is 
18 metric tons. which gives an available weight 
for adhesion of 54 metric tons. The total 
weight of 102 metric tons is made up by a 
bogie load of 48 tons — that is, 12 tons per 
axle. : 

As stated above, two locomotives have been 
well tested on service runs, and a further 
eight are being built for the Bordeaux-Irun 
line. Apparently, however, the type is not 
yet powerful enough, and future designs will 
have eight vertical motors on four driving 
axles, giving a dran-bar pull of 16.6 metric 
tons and a fixed wheel base of 6 m, (19 ft. 
8 1/16 in.), as compared with 12.5 metric 


tons and 4 m. (13 fit. 1 3/8 in.) the corre-— 


sponding figures for the locomotives described 
above. 


2. — Geared Diesel locomotive for the Russian State Railways. 
Figs. 4 to 11, pp. 1047 to 1053. 


(The Engtneer.) 


The chief problem to be solved in the appli- 
eation of the Diesel engine to locomotives lies 
in the means of transmitting the power of 
the engine to the driving axles. The charac- 
teristics of the internal combustion engine are 
such that a direct drive like that of a steam 
locomotive is practically out of the question. 
It is true that a Diesel locomotive with direct 
drive has been built, such an engine having 
been tried in 1912 on the German State Rail- 
ways, but the tractive effort amounted to less 
than 3 tons, and the starting of the machine 
with compressed air was extremely uneconom- 
ical. Some sort of transmission gear obvi- 


ously had to be interposed, and various de- 
signers have worked along three main lines, 
namely, either the use of an electric drive 
or the employment of mechanical gearing, or 
the provision of some kind of fluid-operated 
speed-changing device. There is, of course, 
also the possibility of combining the internal 
combustion engine with a steam engine on the 
Still principle, but that is really a composite 
machine. 

The only kind of transmission which, so 
far, has come into practical use is the elec- 
trical one, which dates from 1917, and several 
engines, of powers up to 1000 H. P., with 
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electrical transmission are now in operation 
in the United States. The most powerful 
Diesel locomotive with electrical transmission 
is that designed by Professor Lomonossoff for 
the Russian State Railways, which has been 
doing ordinary goods train service on the lines 


around Moscow for more than a year. This - 


locomotive develops 1200 H. P. It weighs 
120 tons in running order and exerts a draw- 
bar pull of 15 tons. We published a full 
illustrated description of this machine in our 
issue of 14 November 1924, and gave the 
results of its road tests on 27 February last. 
Satisfactory as this locomotive has proved 
itself to be, the limitations of electric trans- 
mission were realised by no one more clearly 
than by Professor Lomonossoff himself. The 
full power of the engine can only be used 
between road speeds of about 10.6 and 24 miles 
per hour. At lower speeds, in spite of the 
weight of the machine, the wheels slip, while 
at higher speeds the electrical machinery be- 
comes overheated. In summer time it is only 
possible to utilise the maximum draw-bar pull 
of 15 tons for 100 minutes. This corresponds 
to a distance of less than 17 miles at a speed 
of 10 miles per hour. In European Russia 
there are no gradients longer than 17 miles, 
but in the Caucasus there are gradients over 
40 miles long, and on these it is necessary to 
limit the tractive effort to 9 tons only, or 
very much less than the engine could exert, 
The locomotive to which we have referred 
was built by Professor Lomonossoff in colla- 
boration with the Hohenzollern. Locomotive 
Works at Diisseldorf, and under the same aus- 
pices designs were prepared for two other Diesel 
locomotives, one having a mechanical gear 
drive and the other having hydraulic trans- 
mission. Thus it was hoped that a thorough 
comparison could be made between the three 
systems. The locomotive with hydraulic trans- 
mission has, however, not been built, because 
the hydraulic apparatus required to transmit 
1200 H. P. was found to exceed the permis- 
sible limits of weight and size. The designs 
of the geared locomotive proving satisfactory, 
its construction was proceeded with in the 
Hohenzolern Company’ works at Diisseldorf. 
The general appearance of the Lomonossoff- 
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Hohenzollern geared Diesel locomotive is 
shown in figure 10, which is a reproduction 
of a photograph of the engine taken on the 
locomotive testing machine at the Hohenzol- 
lern Works. Figure 11 and figure 4 herewith 


Fig. 4. 


show the locomotive in an advanced stage of 
erection and enables the main elements to be 
distinguished. These views, taken in conjunc- 
tion with the general arrangement drawings 
(fig. 5) indicate very clearly the general lines 
of construction. The locomotive runs on ten 
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coupled driving wheels with a bogie in front 
and a trailing axle behind. The Diesel engine, 


placed fore and aft in the centre of the frame, 


drives a jack shaft in the rear by means 
of a clutch and gearing, and coupling rods 
connect the jack shaft to the five driving 
axles. The engine is of the four-cycle type 
standardised for sub-marines. It has six cyl- 
inders, 450 mm, (17 11/16 inches) diameter 
by 420 mm. (16 1/2 inches) stroke, and de- 
velops a maximum of 1 200 brake horse-power 
at a speed of 450 revolutions per minute. 
Injection air is supplied by a compressor 
which forms a continuation of the engine at 
its forward end. Immediately in front of the 
main Diesel engine is a small auxiliary motor, 
also of the Diesel type. This motor drives 
the cooling fan for drawing air through the 
water and oil coolers, and also serves as an 
alternative source of power for the dynamo 
and the starting air compressor. The two 
latter machines are to be seen in figure 5 in 
the plan view of the locomotive. They are 
chain driven either from the main engine or 
the auxiliary engine through an intermediate 
Opposite them on the other 
side of the locomotive is the air storage re- 
servoir. 

In the very front of the locomotive is the 
oil cooler, shown clearly in figures 4 and 10, 
and immediately behind it is the water cooler. 
The oil cooler is of the flattened tube type, 
whereas gilled tubes are used for the water 
cooler, Air is drawn through them ‘by the 
fan in the uptake, already referred to. This 
fan is shown in figures 4 and 5. There are 
in addition two other water coolers, one on 
each side of the uptake, which can be seen 
in the plan drawing and are discernible in 
figure 4. These can be put out of action: 
when the weather is excessively cold. In 
figure 10 the air reservoirs for the compressed 
air brake and for operating the whistle and 
sanders respectively can be seen lying trans- 
versely under the uptake in front of the wheel 
guards. Between the bogie wheels a conve- 
nient space is found for the battery of accu- 


- tmulators, which can be readily withdrawn or 


inspected from the side. The sand boxes are 
indicated on each side midway of the driving 


040 


axles in the plan view. Between the gear-box 
and the clutch is the motor-driven oil pump 
for filling the oil tanks. The two rear corners 
are occupied one by a motor-driven oil pump 
for lubricating the main gearing and the 
other by a boiler heated by the exhaust gases. 
Fuel storage tanks run along each side of the 
locomotive from the front of the main engine 
to the back of the clutch, and from them the 
oil is pumped into the fuel service tanks over- 
head near the front of the locomotive. 
It is, however, the transmission gear which 
will undoubtedly arouse most strongly the 
interest of engineers. Motor cars have long 
since settled down to a friction clutch com- 
bined with a three or four-speed gear-box, as 
a means of connecting the engine to the driv- 
ing axle. By analogy one might assume that 
some similar arrangement would he the best 
for a locomotive, and quite. possibly it will 
prove to be so; but the difficulties of design 
are vastly greater than those which motor 
car designers have to face. Not only has a 
relatively enormous amount of power to be 
transmitted, but the weight of a locomotive 
and train is so great that a slow and smooth 
acceleration is indispensable. Hence the clutch- 
ing arrangement must have considerable and 
sustained slipping power to enable the load 
to be gradually picked up when the locomotive 
is started or when the gear ratio is changed. 
The clutch selected for the Lomonossoff geared 
locomotive was of the magnetic type developed 
by the Magnet-Werk Company, of EHisenach, 
Germany. This company have made a spe- 
ciality of magnetic clutches, which they have 
supplied in units capable of transmitting up 
to 20000 H. P. In the locomotive there are 
altogether four of these clutches,. one being 
the main clutch between the engine and the 
gear-box and the other three serving to con- 
nect and disconnect the respective gears. 
Figure 6 shows a section through the main 
elutch. Keyed on the end of the engine shaft 
is a steel disc A which forms the magnet. 
It is excited by a single coil B let into a cir- 
cumferential groove in its face, the ends of 
the coil being brought out to a pair of slip 
rings on the back of the dise as shown. 
Bolted to the dise is the heavy fly-wheel rim C, 
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and to this again is bolted the friction plate D. 
The fly-wheel rim does not make continuous 
contact with either the magnet or the friction 
plate, numerous radial passages being left 
between them for cooling purposes. Running 
freely on the outer end of the engine shaft 
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Fig. 6. — Main clutch. 


is a dise E through which the gearing is 
driven. This dise carries an armature plate F, 
to which is fixed an annulus of friction ma- 
terial G. Exciting current flowing in the 
coil B causes the dise A to become magnetised 
and to attract strongly the ring F. The ring 
moves inwards, against the action of the 


spring bolts shown, under the magnetic attrac- 
tion and brings the friction material into con- 
tact with the friction plate D, sufficient pres- 
sure between the two being obtainable to 
transmit the power of the engine. By regu- 
lating the exciting current the clutch may be 


allowed to slip to any extent required, and - 


it thus serves as a useful link between the: 
engine and its work, taking up the load gently 
and avoiding all shock when the gears are’ 
changed. : 

The design of the three magnetic clutches 
employed in connection with gear changing is 
shown in figure 7.. As before, a steel dise A 
is keyed to the driving shaft and is rendered 
magnetic by an exciting coil B. When the 
coil is excited it attracts the dise C, which, in 
moving towards the magnet compresses the 
interleaved friction dises D, half of which are 
keyed to the external casing E and the other 
half to A. Thus power can be transmitted 
from the shaft to the sleeve F by means of 
the friction of the discs. These clutches are 
not designed for long-continued slipping, but 
slip just enough to let their respective drives 
be taken up without jerks or shocks. 


An external view of the gear-box is shown’ 


in figure 9, while figure 8 illustrates a ver- 
tical section. The gear-box gives three speed 
ratios, 6.6 to 1, 4 to 1, and 2 to 1 respecti- 
vely. The gears are always in mesh, the re- 
quired drives being obtained by the respective 
clutches. The power from the — horizontal 
driving shaft enters the gear-box and is trans- 
mitted to the uppermost shaft C by means of 
the bevel gear M. It may be mentioned that 
in 1921, when the plans for this locomotive 
were under consideration; no gear makers 
could be got to supply bevel gears to meet 
the conditions. Eventually in 1923, however, 
Messrs, Alfred Krupp, of Essen, undertook to 
supply the gear and to give a satisfactory 
guarantee as to its performance, and that 
firm was therefore entrusted with the whole of 
the gear-box for the locomotive. The bevel gear 
adopted has .a maximum: diameter of 500 mm. 
(1 ft. 7 11/16 in.) and yet is capable of trans- 
mitting 1200 H. P. at 450 revolutions per 
minute. It is constructed of special heat- 
treated steel. The slowest speed of all is 
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obtained by exciting the right-hand clutch I, 
the other clutches being free. This locks the 
wheel Z, to the upper shaft C so that the 
second shaft B is driven and transmits its 
power to the jack shaft A at the bottom by 
means of the fixed gear N. For the interme- 
diate speed the clutch II is the only one 
excited. This locks the gear Z, to the second 
shaft and the continuation of the drive is as 
before. For the highest speed clutch III on 
the second shaft is excited. This causes the 
wheel Z, keyed to the upper shaft to drive 
the second shaft, which drives shaft A through 
the gearing-N as before. It should be mem- 
tioned that reversing is effected by reversing 
the direction of rotation of the Diesel engine, 
which is done by bringing a new set of cams 
into action in the usual way. The gear in the 
gear-box therefore takes no part in the process 
of reversal, but is merely driven in the oppo- 
site direction. 

The locomotive started on its read tests 


[ 388. (06.2 ] 


from Berlin on 26 May, under the superyi- 


sion of prominent engineers of the German 
State Railways. It performed all its duties 
satisfactorily, including the haulage of a train 
weighing 1330 tons, exclusive of engine, up 
a gradient of 1 in 100 about 11 miles long 
at a speed of 14. km. (8.7 miles) per hour. 
Lighter loads were hauled at correspondingly 
higher speeds. The clutches worked satisfac- 
torily. The official figures of the tests are 
not yet-available, but it is said that the loco- 
motive showed a thermal efficiency of 27 to 
29 %, or considerably higher than that attain- 
ed by the Diesel-electrie locomotive. Special 
trials were carried out at the request of the 
German State Railways, which, as a result of 
the performance of this engine, have ordered 
a Diesel geared-locomotive from the Hohen- 
zollern Works for its own system. This en- 
gine will be of the 2-10-2 type, with a new 
design of high-speed Diesel motor and the 
weight will be- about 130 tons. 


3. — Association of Electrical Engineers 
graduates of the Montefiore Electro Technical Institute, rue Saint-Gilles, 31, Liege. 


The « Erie Gerard » Prize. 


Arrangements have been made to found a 
prize with this title which will be awarded 


every three years, the first award to he early. 


in 1929 to the author, of Belgian or other 
nationality, of the best paper on an electrical 
subject, or on the application of electricity to 
industrial processes, published in French, in 
the Bulletin scientifique de VAssociation des 
Ingémeurs sortis de VInstitut Electrotechnique 
Montefiore, which has been read previously 
before a meeting of Engineers of this Associa- 
tion. 

The funds required for the prize will be 
obtained from the interest on the moneys left 
for this purpose out. of the subscriptions col- 


lected in 1923 for the memorial to the late 
regretted Professor Eric GERARD. The prize 
will consist of a reproduction in enamel of 
his portrait in bas relief on the walls of the 
theatre of the Institute together with the sum 
cf one thousand francs. 

Each year the scientific Committee of the 
Association will advise the Committee admi- 
nistering the fund which paper it considers 
the best of those that have been read and 
published. At the end of each three-yearly 
period the Administrative Committee will 


name the winner of the prize out of the three - 


candidates submitted in this way. 
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OFFICIAL INFORMATION 


ISSUED BY THE 


PERMANENT COMMISSION 


OF THE 


INTERNATIONAL RAILWAY CONGRESS ASSOCIATION 


Meeting of the Permanent Commission held on the 17 July 1926. 


The Permanent Commission of the In- 
ternational Railway Congress Associa- 
tion met on the 17 July 1926 at the 
Headquarters Office of the State Rail- 
ways at Brussels, the President, Mr. Fou- 
lon, being in the chair. 

* 
e. & 

Tributes were paid to the memory of 
Messrs. C. pE Buruet, J. KRUTTSCHNITT 
and D. Pérouse, former members of the 
Permanent Commission, and to that of 
Mr. Ed. Hotemans, secretary-treasurer of 
the Congress Association, who have died 
since the last meeting of the Commission. 

* 2 * 

I. — The meeting proceeded to nomi- 
nate as members of the Permanent Com- 
mission Messrs. Cesare Onponk, director- 
general of the Italian State Railways, and 
J. J. St1eLTJEs, inspector-general in .the 
Inspection Department of the Netherlands 
Railways, and ratified the appointment 
of Mr. J. Hasran, honorary administra- 
tive director of the Belgian State Railways 
and assistant secretary-treasurer of the 
Association, as secretary-treasurer in place 
of the late Mr. Ed. Hotemans. 


* 
1, ot TE. 


IY. — The balance sheet for the year 
1925 which had been certified by an 
auditor, and the estimated budget for the 
year 1926, were approved. 


The variable part of the annual sub- 
scription paid by-.participating adminis- 
trations (article 17 of the statutes) has 
been fixed at 0.10 gold frane per kilo- 
metre for the current year 1926. 


* 
* * 


II. — At the closing meeting of the 
London Session the assembly decided, 
subject to the Spanish Government’s ap- 
proval, to hold the next Congress at 
Madrid in 1930. 

The Belgian Government, through the 
usual diplomatic channels, has asked the 
Spanish Government if it approved, and 
has obtained the latter’s assent. 

The first steps in preparing a list of 
questions to be discussed at the Congress 
have been taken : a circular was sent out 
early in July 1926 to the members of the 
Permanent Commission as well as to the 
adherent organisations and the partici- 
pating administrations. 


* 
* 
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IV. — The application of Bulgaria for 
membership in the Association was fa- 
vourably received by the members present 
at the meeting. The number, however, 
was smaller than that required by ar- 
ticle 4 of the statutes, and the absent 


members are being asked to give their 


approval. 


The Commissioners chosen by the 
London Congress to examine the Associa- 
tion’s accounts for the period 1 January 
1923 to the 31 December 1925 have made 
their report, which states that the ac- 
counts were checked with ease owing to 
the care with which they had been kept. 

The following companies have been 
admitted to, or have retired from, the _ 


ae Association since the last meeting : 
Admissions : ae ties: 
Buenos Ayres & Pacific Railway 4268 . 2 652 
Ostra Skanes. : 181 412 
Societa Trazione Bletirica ‘Lombards : 105 65 
The following three Companies : 
Festiniog Railway . : 24.28 km. (13 miles). 
Welsh Highland (Light ais : 41.07 — (26 — ). 78.02 AI 
Hundred of Manhood and Selsey Tram- ; 
way Company 12.67 — (8 — ). 
as forming part of the « Kent, Somerset, Shropshire & 
Welsh Light Railways Group », already a member of the 
Association. 
Resignations : 
Costa Rica Railway. : 306 190 
Chemin de fer d’intérét oer d’ adn: Me Domes 192 119 
Chemin de fer Salentine. : 243 154 
In accordance with article 4 of the statutes, the following 
Railways having been taken over by the Belgian State Railways, 
cease to be members of the Association : 
Chemin de fer de Braine-le-Comtea Gand. ..... ., 65 40 
Chemin de fer d’Eecloo a Bruges . , : 28 17 
Chemin de fer de Tournai 4 Jurbise et de Laden: a ptasele : 46 29 


As a result of the amalgamation of 
certain companies and of the sub-divi- 
sion of one railway into two separate 
companies, the Railway Congress Asso- 
ciation at July 1926 consisted of 229 ad- 


ministrations with a total length of 
516 530 km. (320 963 miles) of line. 


The President, 
Edm. Fouton. 


The General Secretary, 
P. GHILAIN. 


- NEW BOOKS AND PUBLICATIONS 
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TIMOSHENKO (S.), Formerly Professor of Mechanics in Kiev and Petrograd Polytechnical Insti- 
tutes, Research Engineer, Research Dept. Westinghouse Electric and Manufacturing Company, 
and LESSELLS (J. M.), B. Sc., A. M. [. Mech. E., Mechanical Engineer, Resarch Dept., West- 
inghouse Electric and Manufacturing Company. — Applied Elasticity, 1st edition. — One volume 
(9 X 6 inches) of 544 pages, with 391 figures and XCV tables in the text. — 1925, Westinghonse 
Technical Night School Press, East Pittsburgh, Pa. 


The great attention which is being 
paid iat the present time to scientific 
design has brought about a demand for 
an increased knowledge by draughtsmen 
and designers of the materials with 
which their work is to be carried out. 

It is_no longer sufficient that during 
his training the engineering student 
should acquire only a slight insight into 
the theoretical side of his profession, 
spending the major portion of his ‘ap- 
prenticeship in gaining practical. know- 
ledge. 

In years gone by, the engineer design- 
ed his machine or structure, either as 
an experiment to be re-designed if it 
failed, or with what would appear to us 
to be a ridiculously high factor of sa- 
fety. In the first case the result of his 
work was uncertain, and in both too 
costly for modern conditions. 

At the present time there is an ever 
increasing demand for efficiency in all 
professions, and that required from the 
engineer is almost greater than from 
any other. This demand has_called for 


a new type of engineer whose technical - 


qualifications have been proved by his 
having passed some recognised examina- 
tion taken either before or during his 
practical training. 

This idea of the practical and theore- 
tical running side by side has been de- 
veloped by Messrs. Timoshenko and 


Lessells in their book on Applied Elas- 


ticity. 


The volume is divided into two dis- 
tinct parts: theoretical and experimental. 
Part I, written by Mr. Timoshenko, 
deals with the mathematical analysis of 
the strength of materials, introducing 
new methods for calculating the distri- 
bution of stresses which have been 
found to give far more accurate results 
than those given in the majority of text 
books. These will be found of great 
value to the designer when dealing with 
machines in which sharp variations in 
cross section of bars, holes or notches 
cannot be avoided and where it is ne- 
cessary to know the exact distribution 
of stresses at these points. The appli- 
cation of trigonometrical series for ob- 
taining deflection curves is discussed, 
as is the Rayleigh-Ritz method for con- 
sidering vibration problems. 

The early chapters of the book con- 
stitute a short review, with examples, of 
the usual elementary theories, and these 
serve considerably to simplify the more 
advanced problems which follow. 

Amongst the subjects discussed in this 
portion of the book are the method of 
applying the hydrodynamical and mem- 
brane analogies to problems concerning 
the torsion of shafts of non-circular cross 
section, the grapho-analytical method, 
combined with the principle of superpo- 
sition for obtaining deflection curves. 

Chapter IV deals with the theory of 
the bending of bars on an elastic foun- 
dation. This theory is particularly use- 


ful to railway engineers, as it can be er may be obtained from the 
_ applied to mech roles ay the pales i > deer peta by the various— yaieer 
Bevlriert o> tracks. dese 
si nee approximate method Chapter XII, the first chapter in this 
ble a pant, is devoted to definitions. The im- 

p e of the reduction in area value, 
ink the effect of temperature and the speed 
as of testing are also discussed. The result 

3 ae cold work and overstrain on mate- 
rials, with results of tests made are con- - 
si red in chapter XI. Impact tests 
with both notched and unnotched bars 
dhibgrermee oer 8 | 


oye a 


sess: at ee hich i — t 
‘y as Ww. s 
r meee amount ee 


ing — rather more ‘aly Hee: is usual 1 in 
fe » ‘text. eoke 


Sse EWS tact, “chapter contain es nue 
7 paces a on working stresses, 
nged in “such Pion Lee ee 


spared themselves no pains 
produce a book which — 
ot st ie chet 


septate ae 
Ae, cand oe eee He has 
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sexperience of the latest European and 
_American regulations, from which he has 
drawn conclusions as to what is most 
suitable to meet the Spanish require- 


ments. The principal sources of infor- 

“maion are: 
Spanish regulations of 1902 
Italian eae of 1909 
American — of 1910 
Swiss ee of 1913 
French — of 1915 
Argentine es of 1916 
Canadian ie of 1920 
Belgian = of 1920 
Indian ae of 1921 
Chinese ae of 1922 
German aie of 1922 


He has divided his work into the fol- 
‘lowing sections : 


1) Data on which the calculations are 
based. Forces acting; 

2) Loads and stresses in the mem- 
bers; 

3) Verification of stability; 

4) Arrangement of the scheme; 

5) Inspections and tests; 

6) Miscellaneous. 


Mr. Mendizabal’s book contains much 
interesting information, and it is unfor- 
tunate that owing to its being written 
in Spanish few French and English rea- 
ders can make use of it. Whilst it is 
not possible to review the book in de- 
tail, certain parts which deserve parti- 
‘cular attention, and especially those con- 
cerning railway bridges, are mentioned 
below. 


Rolling loads. — After comparing the 
‘great differences between the rolling 
loads allowed by different countries, 
Mr. Mendizabal considers a locomotive 
having eight wheels coupled with a lead- 
ing pony truck, the total wheelbase being 
10 m. (32 ft. 9 11/16 in;). 

The distance between the centres of 
the truck wheels and the leading coupled 
wheels is taken as being 2 m. 50 (8 ft. 


XI—13 


2 7/16 in.) and between the coupled 
wheels 1.50 m. (4 ft. 11 in.) and the 
weights on the axles as being : 


Driek= oo, eee apni 
Coupled Sreeig hae Sighs AS 
Total. 100 t. 


that is to say, 10 t. per metre (3 English 
tons per foot). 


Mr, Mendizabal has also given parti- 
culars of the weights of the tender and 
of the loaded wagons, 

When calculating the girders of rail- 
way bridges a train of two locomotives 
and tenders coupled together, followed 
by an indefinite number of loaded wagons 
should be considered. The flooring can 
also be calculated on the basis of the 
forces resulting from three axles each 
carrying 26 t. spaced at 1.50 m. (4 ft. 
11 in.) centres when this loading causes 
higher stresses than the standard train. 


Metre (3 ft. 3 3/8 in.) gauge lines. — The 
standard train for use in these calcu- 
lations should consist of two locomotives 
and tenders at the head of the train with 
the necessary number of loaded wagons 
behind them: 

The principal dimensions of the loco- 
motives are: 


_ 44m. 50 
Waheed base AS ets Pht ae lapte (37 ft. 8 3/4 in.), 
Numberofaxles- 5 fe a 6 
Distance between centres of 
wheels : 

Between two leading pairs . . } 6 < a hie a 
Between coupled wheels . . . } (4 Les 

2 m. 20 


Between two trailing pairs . . (7 ft. 2.5/8 in.) 


Weights on axles : 


WRU chs: silos el '0i ea he 8 t. 
(hoy 01 2a tomers Sad eee ee 16 t. 
URINE Se a ease 12 t. 


: 7.3 t. 
Average weight per metre over Ey 
total wheelbase. ...... (2.49 English 


tons per foot). 


Braking and adhesion. — The author 


SH CY ee 
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considers that 1/7 of the weight on the 
locomotive axles and 1/12 on the wagon 
axles which may be on the bridge re- 
present the effect due to the above. 


Temperature variations, — The varia- 
tions in temperature on either side of 
the mean are taken at 30° C. (54° F.). 


Reactions due to nosing. — The reac- 
tion due to nosing is considered as a 
live force acting at the leading end and 
having a value equal to 1/5 of the 
heaviest axle load. It should not be 
added to the centrifugal force when on 
curves. 


Dynamical and impact effects. — The 
effects due to the speed of the trains on 
railway under bridges induce vertical 
and horizontal centrifugal forces, inertia 
forces in the driving gear, © friction, 
shocks, and vibrations which may or 
may not synchronise. 

Experimental tests have led to certain 
empirical formulee, such as those of Pen- 
coyd, Major Mount, Waddell and Rabut 
being used, but they are none of them 
entirely satisfactory. 

The mathematical analysis of impact 
effect is most complicated and in prac- 
tice no satisfactory formula has been 
evolved. It is therefore necessary to 
make use of the results obtained by ex- 
periment after they have been submitted 
to and satisfied a critical and scientific 
analysis. 

The most interesting of the formule 
adopted in various official regulations 
are the following : 


America: 


I = Increase of load due to impact; 
S =. Static load; 
L = Length of span of the element. 


France: 


Increase of the load on the middle 
axle for short spans. 


Canada : 
30 000 
l=s—_—_—— 
e 30 000 + L? 


Germany : 


Different formule for different types. 
of flooring. 

For bridges with cross girders and 
longitudinal stringers without ballast : 


21 
119 +7 

Formula suggested by Mr. Mendizabal. 
— For short spans the dynamic increase 
can be estimated to amount to as much 
as 150 %. 

For spans of more than 200 m. (656 ft.. 
2 in.) the increase is practically negli- 
gible. 

Between these limits the curve repre- 
senting the variation may be taken as an 
ellipse. 

The spans (1) should be plotted along 
the horizontal axis ox, and the impact 
(I) along the vertical axis oy, a and Db 
being half the major and half the minor 
axes of the ellipse respectively. 


When 


a=) 250 im. (820 ft. 21h/2 2m 0s 


When J=0, I=6b = 140%; 
eee ee 2a 
a 
I %/, — 140 —0.56 (5007 — 2 


The law of variation represented by 
a curve in the form of an ellipse sug- 
gested by Mr. Mendizabal has the ad- 
vantages of being both simple and neat. 


Parts under alternating stress. — After 
reviewing the different foreign regula- 
tions, the author proposes to evaluate the 
working stresses in accordance with the 
following formula : 


Re = (R— 2.5 5] 


Where R = normal working stresses;. 


R, = working stress allowed; 
A and B, the minimum and maximum 
stress in absolute values in the part. 


Secondary stresses. — Mr. Mendizabal 
has also considered the secondary stres- 
ses in lattice girders, and has drawn 
attention to the practical work done by 
the American engineer, Mr. Waddell, on 
this question. 

Everything should be done to design 
the girders in such a way as to eliminate 
or limit these secondary stresses. 

When these stresses are calculated and 
added to the dead load, moving loads, 
and to the reactions due to nosing and 
centrifugal forces, the allowable work- 
ing stress can be 33 % above the allow- 
able working stress. 

If they are added to tthe whole of the 
stresses, both horizontal and vertical, 
acting in the girder, the allowable work- 
ing stress can be increased by 50 %. 

After considering in turn all those ele- 
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ments relating to the forces acting, 
such as, the stresses in the parts, the 
working loads allowed, the quality of 
material used and the inspection and 
test thereof, the tests to be made on the 
bridges, and the maximum deflection 
allowable, etc., Mr. Mendizabal has 
drawn up regulations in accordance 
with which schemes for metal bridges 
for standard and metre gauge should be 
prepared. 

The book furthermore contains in de- 
tail the proposed regulations for road 
bridges in addition to many tables of 
loads and bending moments suitable for 
the Spanish regulations which have been 
borrowed from foreign regulations. 

Finally, it may be repeated that owing . 
to its having been written in Spanish 
the ‘book is less accessible than it would 
be otherwise to French and English 
readers, who would undoubtedly find in 
it much interesting information. 


Re): 


. ; mt a y j op ; 
. ‘3 We sopieaies heréatter’ a letter received irom ie Govern 
ma Department : ; ee i 
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GOVERNMENT OF INDIA, RAILWAY DEPARTMENT. : 
test (Raiway BOARD. ) 


. 


No. 588-St. | Simla, the 2nd Sep: 
Mileage of Indian Railways. LS aera eh Ot oh ee ‘. 

To the Editor, © ; af eis 

« Bulletin of the International Railway Congress Association », 


U 


of the International Railoody Conciren Association (English edition) for the ee of Apr Bs 
is incorrect, The comers open ee os all pees in india. on the ae of the 


Year ending a March 1923. 
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